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PREFACE 

TO THE THIETY-FIRST EDITION. 

The steady demand for tliirty editions of this work, 
during the last twenty years, has called for frequent re- 
visions, lest it should fall behind the state of the science. 
In making the present revision — so rapidly has geology ad- 
vanced of late — we found it desirable to rewrite nearly the 
whole, as we have done. We have also modified the plan 
not a little, to give it greater \inity. Some of the old 
Sections have been left out, but more new ones added. 
The wood-cut illustrations have been increased from 208 
to 418. 

We have tried to reduce the size of the work, by leaving 
out every thing not indispensable. But the great amount 
of new matter and of new illustrations, as well as the ex- 
pansion of the typography to improve the appearance, have 
well nigh thwarted our efforts. We are aware that teach- 
ers sometimes can not find time to carry their pupils 
through the whole of a science which so abounds in facts 
and important applications as does geology. Two methods 
have been adopted by authors to meet this difficulty. One 
is, to leave out a large part of the science, and retain only 
the most striking and brilliant parts. But this is too much 
like attempting to perform the play of Hamlet with Ham- 
let left out. And teachers and pupils ought to know, that 
the study of such abridgments does not make them ac- 
quainted with geology, which still remains to be learned. 
We prefer to give a condensed view of the whole subject. 
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and to designate the parts most important to be thoroughly 
studied, hy a larger type. We have often, too, placed the 
most difficult reasoning in small type, that the teacher may 
allow those pupils not mature enough to master it to pass 
oyer it. He can also, wlien necessary, do the same with 
some whole sections ; say Part I., Section 6, on Metamor- 
phism ; Part II., Section 3, the Laws of Palaeontology ; 
and Section 4, the Inferences from the facts ; although in 
truth these parts, to those who mean to master the whole 
subject, are indispensable. Part IV., on Economical 
Geology, can also be omitted, as well as Part V., on 
American Geology. And it may be that some might prof- 
itably study the descriptive and phenomenal parts of the 
subject, who are too young to understand its religious ap- 
plications in Part III. Thus ivhile we present the whole 
Buhjcct, both for the sake of teachers and private individ- 
uals who wish to study the science, we put it into such a 
shape that it can be accommodated to the age and time of 
the pupil, and also lead him to see that until he has mas- 
tered the whole, he does not understand geology. 

In this revision I have associated with me my youngest 
son, who has borne a large share in tlie work. As assist- 
ant in the geological survey of Vermont, a large part of 
the last three years has been devoted by him to the study 
of the rocks in the mountains, and in writing out their de- 
scriptions. Should it happen, as most likely it will, that 
this is the last revision of the work I shall ever make, und 
he should survive me, I trust ho will he found fully com- 
petent to keep the work up to the advancing state of the 
science, should the public call for its continued publication. 
Edward HiTcncocE, 

iuQEBar, Jaiu: 1, 1860. 
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INTRODUCTOKY NOTICE 



Br DE. J. PTE SMITH, OF LONDON. 

Is a manner unexpected and remarkaliie, the opportunity has 
been presented to me of bearing a public testimony to the value 
of Dr. Hitchcock's Yolume, Elkmbhtarv Geolohy. This is 
gratifying, not only because I feel it an honor to myself, but 
much more as it excites the hope that, by tliis recommendation, 
theological students, many of my younger brethren in the cvan- 
gelica! ministry, and serioua christians in general, who feel the 
duty of seeking the cultivation of their own minds, may be in- 
duced to study this book. For them it is peculiarly adapted, as 
it presents a comprehensive digest of geological facts and the the- 
oretical truths deduced from them, disposed ia a method admira- 
bly perspicuous, so that inquiring persons may, without any dis- 
couraging labor, and by employing the diligence which will bring 
its own reward, acquire such a knowledge of this science as cannot 
fail of being eminently beneficial. It is no exaggeration to affirm 
that Geology has close relations to every branch of Natural His- 
tory and to all the physical sciences, so that bo district of that 
vast domain can be cultivated without awakening trains of thought 
leading to geological questions ; and, conversely, the prosecution 
of knowledge in Ibis department, cannot fail to excite the desire 
and to disclose the methods of making valuable acquisitions to the 
benefit of human life. In our day, through every degree of ex- 
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lii iNTiiooiiCTORv NOTICE. 

tensiveiioss, from tlic peraaibulation of a pariab to tJie exploring 
of an empire, travblino has beeotne a " universal passion," and 
action too. Within a very few years, the iatorior of every conti- 
nent of the earth has been surveyed with an intelligence and ac- 
caraey beyond all example. Who can reflect, for instance, upon 
the activity now so vigorously pnt forth, for introducing European 
civilization, the arts of peace, the enjoyment of security, and tlie 
influence of the most benign religion, into the long sealed terri- 
tories of Central Asia, and not be filled witli astonishment and 
delightful anticipation ! Similar labors are in progress upon 
points and in directions innumerable, reaching to the heart of all 
the other vast regions of the globe ; and the men to whom wa 
owe so much, and from whom so much more is justly expected, 
are geologists, as well as transcemlent naturalists in the other 
departments. "Whoever would run the same career must possess 
the same qualifications. Even upon the smallest scale of provincial 
traveling for health, business or beneficence, acquaintance with 
natural objects opens a thousand means of enjoyment and use- 
fulness. 

The spirit of these reflections bears a peculiar application to 
the ministers of the gospel. To the pastors of rural congregations, 
no means of recreating and preserving health are comparable to 
these and their allied pursuits ; and thus, also, in many temporal 
respecta, they may become benefactors to their neighbors. In 
lai^e towns the establishment of libraries, lyeeums, botanic 
girdens, and scientific associations, is rapidly difi^iising a taste for 
these kinds of knowledge. It would bo a perilous state for the 
interests of religion, that "precious jewel" whose essential char- 
acters are "wisdom, knowledge, and joy," if its professional 
teachers should be, in this respect, inferior to the young and in- 
quiring members of their congregations. For those excellent men 
who give their lives to the noblest of labors, a work which would 
honor angels, " preaching among the heathen the imsearehablo 
rielies of Christ ;"a competent acquaintance with natural objects, is 
of signal importance, for both safety and usefulness. They shonld 
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ISTROtlUCTOKT NOTICH, Sill 

be able to distinguisb mineral and vegetable products, bo as to 
guard against the poruicioua and determine the salubiious ; and 
very oft«n geological knowledge will bu found of the first utility 
in fixing upon the best localities for missionary stations ; nor can 
they be insensible to the benefits of which they may be the agents, 
by communicating discoveries to Europe or the United States of 

To answer these purposes, and especially m the hands of the 
intelligent and studious ministers of Cmsist, this work of Pro- 
fessor Hitchcock appears to ma especiilly suited Though I 
fiatter myself that 1 have studied with ad\antagL the lest English 
treatises on Geology, and find ever new impro\(,ment nnd pleasure 
from thcra ; and have also paid some attention to French and 
German books of this class ; I think it no dispiragement to them 
to profess my conviction that, wi!h the views just mentioned, this 
is the book which I long to see brought into extensive use. The 
plan on which it is composed, is different from that of any other, 
so far as T know, in such a manner and to such a degree, that it 
is not !in opponent or rival to any of them. Yet, in this arrange- 
ment of the matter, there is no affectation : all is plain, consecu- 
tive, and luminous. It is more comprehensive with regard to the 
various relations and aspects of the science, than any one book 
with which I am aeq^uainted ; and yet, though within ao moderate 
limits, it does not disappoint by unsatisfactory brevity or evasive 
generalities. Such is the impression made upon me by the firet 
edition of the " Elementary Geology," and I cannot entertain a 
doubt but that the ample knowledge and untiring industry of the 
author will confer every practicable improvement upon his pio- 
posed new edition. 

I received a deep conviction of the Professor's extraordinary 
merits, from his "Report" upon the Geology, Botany, and Natu- 
ral History generally, of the Province of Massachusetts, made by 
the command of the State government ; a large volume, published 
in 1833, and the second edition in 1835 ; and from his papers in 
the "American Biblical Repository," which were of great service 
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XIV INTRODDCTOEr NOTICE. 

to mo in compoaing a book on, " Tko Relation between the Holy 
Scriptures and some parts of Geological Science." But I did not 
till recently know that ho was a "faithful brother and fellow- 
laborer in the gospel of Christ," An edifying manifestation of 
this, it has been my privilege to receive in Dr. Hitchcock's " Es- 
say and Sermon on the Lessons taught by Sickness," prefixed to 
"A Wreath for the Tomb, or Extracts from Eminent Writers on 
Death and Eternity." It is my earnest prayer that great bless- 
ings from the God of all grace may attend the laboi-s of my hon- 
ored friend. 

J. PTE SMITH. 
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ELEMENTARY GEOLOGY. 



PART I. 

DESCRIPTIVE AMD DYNAMICAL GEOLOGY. 



SECTION I. 



Geoloot, from the Greek y^, earth, and Xoyog, discourse, ia 
the history of the mineral masses that compose the earth, and of 
the organic remains which they contain. 

The two primary divisions of the Kwence relate to the mineral massea and 
the organio remains ; hence Part I. mill embrace exclusively the descripliou 
of the structure and composition of the rocks, and the forces concerned in 
their prodnetion. This is Deseripiive and Dynamical Geology. Part II. will 
treat of tlie character and distribution of oi^anic remains. As Geology 
Iiaa an iniporlant bearing upon other subjects, we shall conader ia Parts III. 
end IV". the Relalions of Geolngy io Eeligum <vtd lo the Economieol iaiervila of 
eociay. A brief acooimt of the Geological alrudm-e of North America, in 
Part v., will conclude the treatise. 

From these statements it will appear that an acquaintance with 
Chemistry and Mineralogy is necessary for a thorougli knowledge 
of the mineral masses of the earth, and an acquaintance with the 
structure of animals and plants, or Zoology and Botany, for the 
study of the organic remains. We shall presume upon some 
knowledge of these branches in the student. 

Geology is a history, not merely in the senss of desoripKon, but as a reoord 
of events. It narrates tlie condition of things IVom the i>eriod previous to 
the existence of organic hie, through successive dynasties of more perfect 
races, Jo the dominion of man. Phyacal catastrophes, and the birth and 
estinctioa of races, are indelibly written upon the stony leaves of natures' 
volume. But this record is much less perfect than the written history o( 
man. It is what the history t^ emigres would have been, had our means of 
knowledge been confined to the works of man's art^ like the sculptures of 
Nineveh and E^ypt, obscurely Eishioned by ar "- ■ '' 
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18 STEUCTLIE oi iiip E^.^TH 

Every part of tlie globt, whiLli la net ininail or legetaLlc, m 
eluding water and air, is regarded ts mmeral 

The term rock, in its popular ■»ccej tation embraces only tlie 
solid parts of the globe , but m geological langna,^ it mtludes 
also the loose materials, tlio soil's clajs, and grjivels, thit io\i,r 
the golid parts. 

The Earth as a Wliol — The form of the earth is tl it of i 
sphere, flattened at the poles : technically, an oblate spheroid. 
The polar diameter is about 26 miles shorter than the equator-iat. 
Not only does astronomy prove this theoretically, but the mea- 
surement of the degrees of the meridian ia different latitudes shows 
it to be true. 

Hence it ia inferred that tbe cai-th must have been once in a 
fluid state ; since it has precisely the form which a fluid globe, re- 
volving on its axis with the same velocity as tlie earth, would 
assume. 

Taken as a whole, tbe earth ia from five to six timca heavier than 
water ; or 2.5 times heavier than common rocks. 

Proof 1, Careful observations apou the relative nttracting power of par- 
ticular mountains and the whole globe, with a zenith sector. 2. The disturb- 
ing e£foet of the earth upon the heaven]/ bodies. 

We hence learn that the density of the earth increases from 
tho surface to the centre ; but it does not follow that the nature 
of the internal parts is different from its crust For in consequence 
of condensation by preaaure, water at the depth of 362 miles, 
would be 33 heavy as quicksilver ; and air as heavy as water at 
34 miles in depth ; while at the centre, steel would be com- 
pressed into one fourth, and stone into one eighth of its bulk at 
the surfeco. 

Configuration of the surface. — The surface of the earth, as well 
beneath the ocean as on the dry land, is elevated into ridges and 
insulated peaks, with intervening valleys and plains. 

The highest mountains are about 29,000 feet above the ocean 
ievel, and the mean height of the dry land is about 1,000 feet. 

Tlie highest moanWa in Asia is Mt F t f tha Himalaj-aha, 

29,002 feet; the highest in Europe ia Mt. B nc, 5 00 cet; llie highest iu 
Horth America is ML Elias, 17,850 f be hg st a South America ia 
Aconcagua, In Chile, 23,910 feet Th m n h g of land in Asia ia 
1,100 feet; in Europe, 600 feet; in N rt America fee^ and in Soalh 
Ameriea, 1,000 feet 
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Tlio mean ileptli of tbo occsn ia probably between two and 
three miles. Fig. 1 repi'esents the configuration of the bottom 
of the Atlantic Ocean between Soutlievn Mexico and Nortbern 
Africa. 

Occasionally parts of the interior of a continent are below tlie 
ocean level. Tlie Caspian Sea is 84 feet below tbe Black Sea, 
and the Dead Sea is 1 ,3S0 feet below tbe Mediterranean. 

Hence it appears tbat the present dry iand migbt be spread 
over the bottom of the ocean, so that the globe would be entirely 
covered with water. For nearly tbrcc-fourtba of tbe surface is at 
present submerged. 

The dry land is mostly situated in one hemisphere. For if wo 
place tbe north polo at London, as may be illustrated upon an 
artificial globe, the northern hemisphere will be seen to embrace 
most of the land, while there will be little but water in the 
southern hemtspliere. 

Id carrj'iug oat tlie ordec alroady i i c tpd, we shall treat of tlie general 
Btructiire and arrangement of the mattnals compo'inK the esterLor crust of 
the' earth in Sectiou I. ; their cliemH-aJ and mmeralogioaJ oharaclers in Sec- 
tions II. and Itl. Tlie remainder of Part I- wJl relate to tbe forces which 
Imvo moJilied theac uuQeral masses. 
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18 8tbatifiedeooks. 

Stratified Kocks. 

The rocks that compose the globe are divided ioto two great 
classes, the SxRAiiriED and Uhstratified, or AauEOUS and 
Iqneous. 

Stratification, consists of the division of a roct into regular 
masses, by nearly parelld planes, occasioned by a peculiar mode 
of deposition. Strata vary in thickness fiom that of paper to 
many yards. 

The term Uratum is sometimes employed to designate the whole 
mass of a rouk, while its parallel subdivisions are called beds or 
layers. The term bed is also employed to designate a layer, whose 
shape may be more .or less lenticular, or wedge-shaped, included 
between the laycis of a more extended rock ; as a bed of gypsum, 
a bed of coal, a bed of iron, etc. In this case the bed is some- 
times saidto be subordinate. 

When -beds of different rocks alternate, they arc said to be inter- 
etratiiicd. 

A seayn is a thin layer of roek that separates the beds or strata 
of another rock ; ex. gr^ a seam of coal, of limestone, etc. 

A bed or stratum is often divided into thin laminte, which bear 
the same relation to a single bed as that does to the whole series 
of beds. This division is called the lamination of the bed ; and 
always results from a mechanical mode of deposition. 

The lamination is sometimes parallel to the planes of stratifica- 
tion ; sometimes the layers ara much inclined to each other ; and 
often they are undulating and tortuous. 

Fig. 2, shows tlie difTerent kinds of lamination. 
Without Lamince. 




^S Witli waved Lamiuffi. 
Finely Laminated. 
Coarsely Laminated. 
Obliquely Laminated. 
Parallel Lamina;. 



. 3, is a sketch of a blocic of sandstone, rIx feet long, from ifount Tom, 
it Hampton. Its tkco is a flna example of the oblique lamination above 

bed, resulting from couiilflr ourrenta and depositiooa of coarse sand on 

Burfaces sloping in difierent directions. Such examplca ar« common in tbat 
locality. 
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Oriffin of lamination. — All the lamination of stratified rocts 
was undoubtedly produced originally by deposition in water, aTid 
the varieties have resulted from modifying circumstances. 1. The 
parallel laminB are the result of quiet deposition npoti a level sur- 
face. 2. The waved lamination, in many instances, is nothing but 
ripple marks ; such as are seen constantly upon the sand and mud at 
the bottom of rivers, lakes, and the ocean. In the secondary roeks 
this is too manifest to be mistaken, 3, The oblique lamination has 
generally been the result of deposition upon a steep shore, where 
the materials are driven over the edge of an inclined plane. 
4. Highly contorted lamination has often resulted from lateral and 
vertical pressure, as illustrated by Fig 4. This i": sometimes seen 
in deposits of clay. 

JUustraHon If pieces of doih of 
different colors be placed upon a ta- 
ble c, and covered by a weight, a. 
and then lateral forces, b, b, be ap- 
plied ; while tho weight will be some- 
what raised, the clotli will be folded 
aod cout^rted precisely like tho lami- 
na of many rocks j as is sliown in the 

Sow to distingui&h between 
strata and laminw. — This cannot be done by the relative thick- 
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ness, since strata are sometimes as thin as larainffi. Bat strata 
can, and laminae can not, be easily split apart. A stratum maiks 
some pause or ciiange in the deposition ; but the lariiinx were 
formed rapidly between the pauses. Heuee thu latter are moie 
closely compacted together, and generally tho rock will break more 
eamly in any other direction than in that of its lamina;. 

Inclinatimt of strata. — The angle which the surface of a stra- 
tum mates with the plane of the horizon is called its indlnatiun 
or dip ; and the direction of its upturned edge is called its strike 
or hearing. 

Of course horizontal strala have neither strike nor dip. Tho exposure of 
a stratum at tlie surface ia called in the language of luinera its outoiip or 
'basseHitq. An ovMa- is a detached ledge ur mass of stratiL 

As a general fact, the newer or higher rocks are less inclined 
than those below. Tho highest are usually horizontal ; while the 
oldest are often perpendicular. But this is not an universal rule, 
eraployed for ascertaining the dip of a atfatura, ia called a 
Fig. 0. eiijiomeier. The inclination may be deter- 

miued by the eye eillier by itself or with Iho 
help of the hands situated aa in t'ig. 5. The 
person must stand opposite Uie strata, aod 
pladng the h n ds in the range between (he 
ete and tlie rock nonce the position of the 
piines nlien compared ■vvith the hnea ct 
rcfTence Each dotted line inilosea nitli 
ether land an angle of 45° lie stiike 
maj bo dnttrmined ■i. ith a compass 

Aze% — Tlie hne a'ong which the 

strtta dip m opposite directions is 

called an anticlinal line, or anti 

a repreicnts a simple antichcal, 6 and c 




show tho contour of the 
when denudation hns remocd t!ic 
nd^, and d represents a complex 
anticlinal In some ii stances the 
sti iti hii e lipen folded together < ii 
a last ecik, and in such a mannei 
as to bring some tA the newer ro ka 
beneath thi" older Fig 7 is a sec- 
tion of this charaetcr Orisrinally 
prolably fflded as ib shown by the curved tines 
1 to 1 2 to 2 and so on But then upper parts 
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have been denuded, so ttat the present "lurf^ce is a, a The old- 
est strata are now found to be , and thty Lorrespomi outnird 
on eacli side of these ; as, 5 -^ , 4, 4 , etc Such tn e\ imple as 
this has been called n folded axit, or an inurtci 




When the strata dip toward eich other thiy constitute a "/n- 
elinal axis. In Fig. 8, a is a 6?iallow °.^ ncimal, b a tharp sj nchnal, 
c and d complex synclinals. 

When the strata dip from any point in all directions outward, (a) 
around the crat«r of a volcano,) the dip is said to be quaquaverml. 

Metamorphic Stratified Mocks. — According to the views of the 
ablest geologists at the present time, we ought perhaps to limit 
both the terms stratification and laminatiou to rocks whoso 
mechanical texture proves them to have been deposited from 
water. But there is a lat^ class of rocks that have been power- 
fully metamorphosed, so as to become crystalline, yet are divided 
by parallel planes very analogous to stiatification and lamination ; 
and it is usual to regard the former strueture, that is, stratification, 
as extending through them all, and to have resulted from original 
deposition in water. But the subdivisions of the strata, viz, : 
cleavage, foliation, and joints, which often cross the strata, appear 
to have been for the most part superinduced : that is, they were 
produced after the original deposition of the strata by other 
agencies than water alone ; although some of them, as foliation 
and cleavage, in some instances seem to be mere modifications of 
original lamination. 

Joints. — Both the stratified and unstratified rocks are traversed 
by divisional planes, called joints ; which divide the mass into 
determinate shapes, which are difiTcrent from beds and their sub- 
divisions. 
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22 JOINTS AXD CLEAVAGE. 

The most important of those joints, called master-joints, are 
more or less parallel, and so extended as to imply some general 
cause of production. 

When these joints cross the beds obliquely, as ticy usually do, 
and there are two sets of them, they divide the rock into rhom- 
boidal masses of considerable regularity ; though wanting in that 
perfect equality in the corresponding angles of the prisms which 
is found in crystals of a simple mineral. They do the same in 
the unstratified rocks, producing a pseud o- stratification, and are of 
great help in quarrying. 

Figa. 9 aaiJ 10 are examples of joints ia unconsolidated daj, m West 
Fig- 9. Fig. 10. 



SomeHcQes flsaures are quite irregular in direction ; but they assist in 
bTeakii^ the rock into fragmenCa. The fiaaurea are sotnetimea occupied by a 
roreign miueraJ, such aa calciCe ; but these are properly veins. 

Cleavage. — Rocks of homc^eneous composition, especially clay 
slate, are often divided by parallel planes, sometimes conforming 
in dip and direction to the bedding or stratification, and some- 
times not. They differ from joints in causing the rocks to split 
into plates indefinitely tbin, and also by being far more extensive, 
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and but rarely crossed by otJier planes as joints are. Roofing 
slato is a good example. 

We venture to doubl, however, whether the indeflnitely thin plates, gen«^ 
ally regarded as an essential property of cleavage, are always present. For 
we have not uafrequently met in qiiarla rock and in some siliceouB slates 
with parallel divisions, which eould not properly be referred to joints or strati- 
fication, where the plates could not be split thbner than half an inch, and 
often not so thin ; and if not cleavage, we can give Ihem no name. May we 
not omit thinness of the plataa in our definition of cleavage, and BtUl not 
confbt^d cleavage with joints 7 

The cleavage planes may be mclmed to the ^'e- iB- 

planes of stratification at iny angle fiom to 
80°, and sometimes the two planes dip mo 
posito directions, Theclei\age plants ire i 
markable for tbeir aim ist perfect paralleliii 
while strata !amin«e and iolia are often co 
torted. 




Foliation, — A change in metamorphic rocks 
anal<:^iia to cleavage is czWeA foUalion. It ie a 
erystalUne lamination, or a separation rf the dif- 
ferent mineralogical compounds into distinct 
lavera, much resembling strata. In districts 
where these crystalline rocks have not b« 
much disturbed, the foliation coincides with the stratification. In 
regions much corrugated or disturbed the foliation often intersects 
the strata at a considerable angle, like cleavage planes. In fact, 
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'24 PLICATION. 

foliation appears to be fhe result of the same forces as cleavage, 
exupt that in the former the process was earned so far th'it irj- 
stalhaation resulted 

« ft Tig 15 represpnt'i foliitioa as it 

~ I JB seen in tslcose conglomerate in 

Bicliinond, Vermont aa shows 

the jx iLtioii of the stmta, and b b 

I Ibe mcJinatiOD 

I Tlie rocks m wlin.?[ folia 
* tion exists ire called sehntL, 
jj as mica schist, takoae schist 
Gneiss howerer is fol ated 
and ni I 1] [ I it I I a n is sometii s produ ed unst at 
ititd jr ij,'nioiis roil a Thp term elate ^1 1 to b I ntel to 
those fissile rocks that are homogeneous, and scl at to those wh e 
the materials are heterogeneous, and are irranged in alternalo 
layers. Few geologists, however, have as yet earned out tl e o 
new views rigidly, so that their works st 11 speali of n a 1 te 
hornblende slate, Ac. The theory of the on^ n of tho var oua 
snperinduced structures will be deferred to the haptcr on Meta 
morphism. Fjg. le. 

PI at on. iCn 
to I —T} o Ian 
nate 1 rocks o ne 
tme butthe fol ated 
tamorph 




1 h oft li 



pre 



Caalorted Laminm q/ ffneSss 



sent cxan plea 
foil ng pi cation and 
contortion n ost re 
markahl an 1 n 
general the n ore 
thorough fl e n ef 
morph imthegr it r 
the curvatures a I 
tort osit es Ft If 
was t t hed f o n 
a block of gn =s 
lying by th rood 
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side in Colcbrook, Connecticut, and is no 

unusual example of plication in the fulia '^ 

of that rocL '. 

Tig. 18, for a dtotdi of whidi wo nre imJebtcd ^• 

to Mr. Eben A. Knowlton, sliows a remarkable § 

Bpcdmen l)elouging to the cabinet of Ainhersl Col- B 

loge, l\«ni Sli^buriie li'iills, in Muasacliusetts. It is J" 
six feet long, weiglis a too, and wea worn smootli 
by tbe water and ice of Deerfield river. It eon- 

sists of beautifully eoatorted on plicated strata ; Z, 

or more properly, perhaps, folia, of while gneias 3 

and black hornblende schist altemaUng. Tlie "S 

minute flexurea, which frequently become saw-lilto, si 

can not be exiiibittd, and actual inspection can | 

alone pive a correct idea of its beauty. We slmll | 

refer lo it again under Mctamorphism. s' 

These delicate curves in foliation arc a 

niiniHture representation of what occurs in f 
the strata of most of the great mountain 
ranges of the globo. Fig. 17, is an actual 
section in the Alps, extending southeasterly 
from tho top of the well-known Eighi. 

Ilere wo have mountains thousands of feet #■ g, 

high, looking as if crumpled together by p ^ 

some Mighty Hand. Doubtless it was ^f 
done by lateral forces in the hand of 

Nature. ^ 

In this countiy we have the same phe- I 

nomena on a magnificent scale. From I 

Canada to Alabama, a distance of at least = 

1200 miles along the Appalachian Moun- a 

tains, the strata have been folded into f^ 

numerous anticlinal and synclinal axes by ° 
a force crowding thcin from southeast to 

northwest, making tho southeasterly slopes h, 

quite gentle, and the northwest ones % 

steep and abrupt. A section across the ^ 

Appalachian chain, say through New ^ 

Jersey and rennsylvaniii, is given in Fig. « 

19 ; and though it bo an ideal section, it f. 

will convey a good idea of the structure $ 
of this chain of mouiilains almost any 
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CONCBETIOSAKY STKUCTUEES. 

where between CaiiiH and Alal araa. How 
stupendous must liavt, Iwjen the foiw, tlius to fold 
up the last strata of the reottntiins as if they 
were mwely the kai cs ot i hook i Y<,t how easy ^ ^ 
for Him who diru,ta and oncigizes the forces of j,^ 
nature i The mannt,! in whi \i these forces have |3-. 
Oferated ivih be better nndeistood ifter we have S? 
developed the doctrine of iat".rnal liLat, n 



CovcKETio"; vEY Steuctuhes 
In clij buls containing disseminated caibonitt 
of lime, wc frcqucntl} fii d noiluks of aigiilo wtl 
careoua matter, soinetimLS spheneal, but moic 
usually flattened These are gcneially calLd 
elaysiOTi''a, and the common impression is, that 
that they were rounded by water Bnt the} iie 
the result of a tendeniy of particles to gather 
about a common center, called molecular attiac 
tioii Tlie slaty dmsions of tlie clay extend 
through the concretions, and on sjliting them 
open, a leif, a fish, i shell, or some other organie 
rehc IS frequently, bat not miwiiblj found In 
New England, however, the slaty btiuetuie, ii d 
the organic nucleus are generally wanting 



)>/ 



ri 



The claystones of New England have been e| 
classified according to their shapes. There are ^^ 
at least six predominant forms; all of which seem g- [^ 
to start with the sphere. A combination of S 
several of the primary forms sometimes pro- p 
duces mimic resemblances to familiar objects. 



Ho.led by Google 



Fi;:' 21 a!..wsono from "WalnoK Niw IIiiin><.liir^ wlikln- 





a human htad m relief very closcJy, with the head-dress and < 
behind ii 2" ii-semhlea a hat or bonnet, and ] 




Fig, 24 shons ^ perf(,i.t ring from Ratlaud, Vermont The 
original is 11 inches in diameter. 
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Similar c6ncrctiona abound in argillaceous iron ore, wLich is 
often disseminated in clay beds or sltale. Tliose iiodulea are 
iisually made up of coacontric coats of ore ; bat sometimes the 
slaty structure of the rock contain! ng tliera extends through them, 
and organic reJics are found to form their nucleus. 

Fig. 25. 




a concretion I o tl 1 of lignite, 

from day Head Massachusetts 7 ci es a o 

The ter il parts ftl e oncretonsofi n stone a id hydrate 
of ron often e^h b t nun ero s cracks, w h h so et nes divide 
the matter to colu nar nas e hut more f eq entl nto irregu- 
lar hap \\ hen thes cracks are filled tl al r ous spar, as 
is ofte tl e case m calca eo s c et on f aa 

they take the name of ludus helmoniii, 
turtle Uones, or more frequently of seplaria. 
Fiom these is prepared in England the i 
famous Roman cement. Fig. 36 shows a 
section of one of these. 

Certain limestones called oolites, are often 
almost entirely composed of concretions made up of concentric 
layers ; but the spheres are rarely so lai^e as a pea. 

The concretionary strnctnre, however, often exists in lime- 
stone on a very lat^e scale, forming spheroidal masses not only 
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lar^o concritions "t caiboiiiferoiis Iimeitonc, at Muacatme, m 
Iowa, as descubed bj Piofpssor 0«en 

XjNbTKATiFiED Rocks. 

The unstntiiied rocks occur in four modes. 1. As irrcjrular 
masses beneath the stratified rockt 2 As veins crossing tioth 
the s'l itifiod and unstratified ri>i Is i. As beds of irregular 
masses thiust m between the afrati 4. As overlying masses. 
Fig 36 illiistntca tbci, modis 

Tlie phenomena of veins, being very important, require a more detailed 



Veins are of tno kinds I Those of segregation. 2. Those 
of injection The former appear t) have been separated from 
the gential mis'! of the rock by elective afiinilj-, ivheii it was in 
3 fluid state , and consoqueiillv they are of the same sge as the 
rotk Htnte tbey at t, often called contemporaneous veins 

PiR. 28. represcnta a bowlder of granitic gneiss, in Lowell, Massachusetts, 
alMut five feet long, traversed by several' veins of segregation, whose corapo- 
silion differs not greatly from tliat of tiie rook, except from being harder 
and more distinctly granitic. Wliere veins of this description cross one au- 
olher, they coalesce so that one does not cut off the other. 
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Tlie second class were once open fissures, wliicli at a subse- 
quent period were filled by injected matter. 

Veins of segregation are frequently insulated in tbc containing 
rocli ; they pass at their edges by insensible gradations into that 
rock, and arc sometimes tubercular or even nodular. 

Injected veins can often be traced to a large mass of similar 
rock, from which, as they proceed, they ramify and become exceed- 
ingly fine, until they are lost. Usually; especially in the oldest 
rock^ they are chemically united to the walls of the containing 
rock; but large trap veins have often very little adhesion to the 
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The lat^e veins that are liiled witli trap rock or recent lava are 
usimlly called dykes. These differ from true veins, also, by rarely 
sending off branches, Dyltes of trap are sometimes suveial yards 
ivide, and nearly a hundred miles long ; as in England and Ire- 
land. 

Djkcs and veins frequently cross one another ; and in such a 
case the one that is cut oiF is regarded as the oldest By this 
rule it may be shown that granite has been injected at no less 
than four different epochs. 

Fig. 30 roprescnta a bowlder of granite in 1768111 ampton, Massachusetts, 
whose baae was tlie product of tlie earliest epoch of eruption. This is tra- 
rersed by tlio granite vein, a, a, a, which was injected at a second epoch ; 
t, is a granite vein cutting a, ami ivns Uiercfore produced at a third epoch ; 
while ft, Bs well as li, are cut off by tho gmnite vt'ius c, and d, of a Iburtli 
epocii. 



By the same rule ean be proved saccessive ernptions of the 
trap rocks, as well as other igneous veins. In one remarkable 
example of veins of different kinds, eleven epochs of the injection 
of unstratificd rocks can be traced. This case is in the city of 
Salem, Massachusetts, near the entrance of the bridge leading to 
Beverly, on tho west side. It is shown npon Fig, 31. The age 
of the veins is indicated by tie figures (1, 2, 3, etc.) attached. 
No, 1, the basis rock, is sycnitic greenstone. The others arc mostly 
granite and greenstone. 

Veins and dykes usually cross the strata at various angles. 
But not unfreijnontly for a part of their course they have been 
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DYKES AND VE 



intrnded between, tlie strata; and hence have been mistaken for 
beds, and have given ri^c to tJio inquiry whetber granite is not 
Btratifled. 




Dykes are usnally nearly straight ; but granite v. 
times very tortnous. 
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ITg. 32, allows two Binnll but very distinet * 
granitB veins in honi<^eneous micaceous a 
iimestono la Colrain, Uasjactiuaetta. .^ 

Fig. 33 is a tortuous vein of grauito in S 
talcoce BoliiBt, in Chester, Massachusetts, S 1 1 
cros^ng tlie atratii irregularly. ^ 

Tho HDstratificd rocks, especially |! 
when exposed to tho wcatlier, are nsu- | 
ally divided into irregular fragments § 
by fissnrea in various directions. ^ I 

Sometimes, however, those rocks 
have a concretionary structure on a 
lai'ge scale ; that is, they are com- 
posed of concreted layers whoso cnr- 
vatnre is sometimes so slight that they 
are mistaken for strata. 

Cases of this sort can be distin- 
guished from stratification, fii'st, by the 
concreted divisions not oxtenditig 
through the whole rock ; secondly, by 
the want of a foliated structure in the 
parallel masses. 
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A flae example of this concreted stracturo occurs at one of the qiwttria? in 
Bjenite near Saudy Biiy, on Cape Ann. Another is at the Lower Falld, upon 
the Lower Aiiimocooauc Hirer, in ^ew Hampsiiire, among iLe Whito Moan- 
teiaa. It U in granite. 

An interesting variety of jointed structure in some of the un- 
Btratified rocks, is tlie prismatic, or columBar, by which large 
masses of rocks are divided into tegular forms, from a few inches 
to Beveral feet in diameter; but with no spaces between them. 
This curious phcnomeEon will be more particularly described in 
it section. 



Ilg. 34 is copied from a pebble of black slate, traTersed by slmosl innu- 
merable yemn of calcito, ftom Uie shores of Lake Chaniplain, in TermonL 
Some of tbem are cut oil and slightly removed laterally, so that they must 
be veins of injection — doubtless filled by aqueous infiltration!. Many rods 
equaro of jet black slatj may be seen thus traversed and checkered by thesa 

Tig. 3t 




rig. 35 shows a feldspathio vein conforming to tha t 
Bcbist, in Conway Masaaclusetti It OJgbt probably to be regarded simply 
na a layer of (ho roolc rather flua a vjio, and a result of matimorphism. 

But it was probabh for nj I ] 1 t as so no vena a 9, aftJ IS, m - °-- 

example oi c. 



Tho un 
dykes, ur 
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SB CHSTEATIFIJCD KOCKS. 

or more usually from aqueo-igneous fusion. But the theory will 
be more fully stated in the Section on Metamorphism. 

Amount of Umtratijkd Mocks. — Unstratified rocks do not ])ro- 
bably occupy one-twentieth part of tlie earth's surface. In Great 
Britain they do not c cr a th u&a 1th part of tl e s p fi 3 of 
the island. In Massa husttt. they occufy 1 than a 4 irt r of 
the surface. 

But there is reason to suppose tl iit tl ese ro ks o ci.pv tl e 
tcmal parts of tl e cirtli to a great d [ th f not to t t 

over which the stratified o Ls are Kpr al w th v un qual 
thictness, and so net me« a e ent elj a t ng 

Fig. 36 will CO oy a better lea tl 1 language of the re a 
live situation of tl e two classes ot rockj. Th d fle nt g oup 
of stratified rocks aie seen rest ng upon eacl other n sncc ss ve 
order, and the wl ol upo the strit fied sc & & a te s repre 
sented aa the found to bt t s en ass s of syenite and por 
phyry, of granite ot trap and lastly of U ar si o n to ha e 
successively push d up fro d buneath the gran te and spread them 
selves over the f. rfae A Tar ty of g ■an te s seen n ng to the 
top of the Mesozoic, tr.ip to the top of the Mcsozoic, slightly lapping 
over upon the Tertiary ; and finally the lava comes up from the 
very bottom of the whole, and spreads itself over the Allnvium. 
Although this is not a section of any particular portion of the 
earth's erust, it will give a coiTect idea ot the rehtire situation of 
the two great elates of roots, and the reason i\hy the nnstrati 
fied rooki ociupy thi, whole of the lutenor of the earth while 
they barely le-ich the surlace Mi. shall relcr to this section 
again after stating the names ot the successivi, formations 




In addmon to tin. lit n or „i.in.ril figure we add Fig 37 tipeoiflllT de 
voted to the unstratiQed roLl 

a, a, Irr^ular mosses beneath the stratified rocks 

b, 6, Terns (the bJaek irregular lines) trossmg I oth tiiid'! ol r<xks 

c, IiTetulir beds betnean strata. 

d, O^eriyiDg mass, e, A mass idjeetBd forcibly, iliorcby nplifting Iho 
slrala upon both sides, nnd causing them to break at /, /, 
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Formations. 

Each rock, in its most extended sense, consists of several varie- 
ties, agreeing togetlier in certain general characters, and occnpy- 
ino- aucb a relative situation with respect to one another as to 
show that all of them were formed nnder similar circumstances, 
and durinif the same geological period. S^ch a gronp constitutes 



a formntion. Ex. gi", Crptaceons formation. 
This term often embraces several distinct i 



nthei 



n to suppose that they were produced during the eame geo- 
logical peiiod. 

Fig, 33 wUl give an idea of a formation. It reprosenta tlis Lias furmatioa 
of Englanll, lying below tiio oulitj, and al " ' 




Uiddle iias &lial03. 
T.oivcr Iiu3 Bliales. 



Tiie French word terrain, and tlic English word srouj\ on 
nearly synonymous with formation. 

A series ia a natural group of formations distinguished from all 
others by characteristic organic remains. It is less eoraprchensivo 
than system, which applies to the greater divisions. Thus in 
Fig. 36 the beds of atra'itied rocks upon the left hand side, as 
Alluvium, etc., are series of lesser formations, which are not 
enumerated : but the fr>ur great divisions of the same roclis npoii 
the right hand side, as Azoic, etc., are" ^s(ms. ITirough inatl- 
vertence the terms series, formation, and system, are often used as 
synonymous by geolojist?. 
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FAULTS. 89 

Wlien the planes of stratification arc parallel to one another in 
diifui'ent formationa, the Btrsti fixation is said to be conformable : 
when not paiallel, it is 'unconformable. 

The stratification in different formations is usually nnconform- 
able, as is shown in the position of the azoic and fossiliferous form- 
ations, in Pig. 36, 

It "Is hence inferred that the stratified rods were elevated at 
differont epochs : in other words, those formations which are the 
most highly iLicliLied, must have been partially elevated before the 
otiiers were deposited upon them. 

These numerous elevations of the strata have produced in them 
a great variety of cracks, fissures, and slides. 

When the continuity of t!ie strata is interrupted by a fissure, 
80 that the same stratum ia higher on one side than on the other, 
or has been slidden laterally, that fissure is called a fault, or a 
trouble, — a slip, — a di/ke, — etc. : as «, a, in Fig. 39 and 40, 




A. fknlt is sometimi 
41 ; in whifli caie it < 
wliea the fra^maiitB 8 
tiO'iation of mineral a 



i filled witli frapuients of roelis, clay, etc., as h, in Figi 
leasions ereat tmnble in the workinfr of mines, iiecauso, 
e reached, it is impossible to decide wlietlier tlie con- 
ught is above or below ihe level, or to the right or left. 



There are two Kinds of faults, the transverse, or those that cross 
the strata at vij;ht angles to the strike, or transversely ; and the 
longitudinal, or those that are parallel to the strike. The former 
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40 CLASSIFICATION OF ROCKS. 

are nanally local, and quite short, the latter are Bometimes of great 
length, and produce much confusion over large districts. 

If the fissure is open and of considerable width, atid is suc- 
ceeded at each extremity by a wider valley, it is called a g<yrge, as 
c, in Fig. 41. 

If it he still wider, with the sides sloping or rounded at the 
bottom, a valley is produced. 

In a similar way most of the valleys of primitive countries were 
formed. 

CLAsaincATioN of Rocks. 

One of the great objects sought by geologists is i eomj lete 
knowledge of the classificat oi or the order of the sue l^siju 
of the different foimations Tliero aio two difficulties in their 
way First, there is no distrct in the worll where ■ill the 
formitiona ire found placed diiecll) oior another and sec 
ondjy, the rocks m one countiy have sometimes httlc or no 
external resemblance \a those of the same age in another country ; 
or if developed at all their thickness varies greatly. It is even the 
case that Itrge formations are developed upon one continent which 

en ly w g n another. Could the successive formations 

b pla d p n a ther in regular order in any one place, and 

an a b mad through them which a geologist might 

m n 1 ask of lassification would be comparatively easy. 

Am n 11 h f 1 ferous formations there exists an invariable 
order of superpo t o , Kocks of different age may be brought 
together by the absence of an infennediatti group ; but the newer 
never underlies the older, except iu a few cases of folded axes, or 
inverted anticlinals. 

A formation in America is identified with the corresponding 
strata in Europe chiefly by means of organic remains ch/iTacler- 
isiic of that group. Previously, the European strata liad been 
thoroughly etamined, both as to their mineralogical and organic 
characters ; and had received a local name. Thus one of the 
lowest series of the PalKozoic system was first explored in Wales. 
Hence it was called Silurian (an ancient name for the distnct). 
Now when mjnchronous* strata arc found in America they are 

* Synchronous strata are those wbieU are formed amullaneously in different 



o.led by Google 



CLASSIFICATION OF ROCKS, 41 

termed Silurian ; that la, strata of tlio same age witt those in 
Siluria. Nearly every tbrmatioii lias thus received a local appella- 
tion. Amevieaii geoJi^^ts liave carried this principle so far that 
Dearly fifty local naiiies have been proposed for the different 
diviBions of our series. 

The first division of all the rocks is into the Stratified and JJnr 
Btratified, corresponding to the Aqueous, including Metainorphic, 
and Igneous of some geologists. The stratified class is divided into 
the Fossiliferom and Unfossiliferous, or those which contain, and 
those devoid of oi^nic remains. The latter all belong to one series 
which is termed tlio Asoit:, because without life ; or Hypozmc, be- 
neath all evidences of life. The fossififerons division is divided 
into three great systems, according to the times in which the 
organism flonrished : the PcdtBozoic, or the ancient type of organic 
life; Mesozok, or the life that flourished during the middle pe- 
riods of geol<^ical time ; and Cainosoie, or the recent economies 
of life. 

The following tabular view of the rocks embraces all the im- 
portant formations and groups described in the more recent works 
on geology. Where we have made any changes it is simply with 
the hope of escaping difficulties which embarrass all systems of 
classification. The arrangement which we give we shall follow in 
this work. 

Class 1.— STRATIFIED OB AQUEOCS ROCKS. 

I. Fossil ifero us. 
Cainozoic, 

1. Alluvium, including Drift. 

2. Tertiary. 

Mesozoic. 

1. Cretaceous, with Green Sand, 

2. Oolitic or Jurassic, with Wealden and Lias, 

3. Triassic or New Red Sandstone, 



Paleozoic. 




1. Permian. 4. Upper Silui 


ian. 


2, Carboniferous, 5, Lower Silui 


■j"an. 


3. Devonian. 6. Cambrian o 


■r IIuroQian. 
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Interaoic 

and 
n,pomc 



( aUo fossil ifcroas. 



2. Azoic ok Unfossiliferocs. 

1. Quartz Kock, j 

2. Clay Slate, 

3. Mica Suhist. 

i. Talcose Schist, including Steatite. 

n. Scrpentinci 

(i. Hornblende Sdiist, 

7. Gneiss. 

9, Saccliaroid Azoic Limestone. 



Ci^ss 2.— UNSTRATIFIED OH IGNEOUS liOOKi 

1. GiiANiTio Giioirp. 

1. Granite. 2. Sycnito. 3. I'rotogitio. 

2. TltAn-EAN Geoup. 

1, Porpliyrj. 2. Greenstone. 3. Amygdaloid, etc. 

3. Voi^ANic Rocks 

1. Basalt. 2. Trachyte. 3. Pumice. 4. Tufa. 5. Pcpcrino. 
6, Volcanic Ashes. 7. Vesicular Lava, etc. 

Of the Azoic series, quartz rock and clay slat* are eoTnetimcs 
found in the Palseozoic system containing fossils, and ro ka pos- 
sessing the same ebai'Mctera are occasionidly tbund intci'sti'atificJ 
with fossilifei'OLis rocks ; that is, gneiss, mica schist, etc., aic not 
confined to the Azoic group, but wheiever found they are always 
devoid of organic remains. Below the Azoic eeriea arc the un- 
stratified rocks, which extend to unknown depths. 

in this eoantry the Silurian and Devonian series have been sub- 
divided into twenty-three formations, by the State Geologists of 
New York, who have given them names from the localities where 
thev are best developed. In other States names more or less local 
have been given to the divisions of other seiies. In the followii^g 
table we present the most important subtlivisions of all the sys- 
tems both in Eniope and in this country, with the thickness, so 
far as it is reliable. 
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Professors fl. D. and W. B. Eogera have adopted a different classifioation 
for the Palaeozoic Bystem, as it occurs in the States of Pennflylvania and 
Yii^nEa. 'HiQ system is called the Appaiaeliian Paieowk Day, fuid is divided 
like the different parts of a day. We present it in a Table, placing along 
with it the names oE ths correspondini? ibrmations elsewhere, according to 
the nomenclature of tlie New York State Geolc^lsla. It is copied from ttia 
magiiifloent " lieo;o3y of Pennsylvania," by Piufessor II. D. Rogers. 
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Several attempts have been made to make out a, clasaification fouodBd upon 
Paleontology ; that is, organic remains. This subjtct wiH be bettor under. 
stood after that of Palieontology has been describe But we will present it 
in brief in tliis place, premising only, that in the different fonnalions we find 
different groups of anunals and plants, otlen eliaraolerized by the great pre- 
dominance "rf some particular races. These life periods correspond in general 
to the other eliaractera by which different formations are distinguished; so 
that a palieontological division wilt correspond essentially to one that is litlio- 
lopcal, and this to one founded on the conformity or uoconformity of strati- 
fioation. The aystom below is that adopted by ProC Pictet His lai^e Groups 
he calls Periods, and the sabdivisions, Epochs. Properly speaking, however, 
an Epoch is tlie point of time when an event takes place, and a Period the 
interval between Buocessive Epochs. 



1. Paleozoic Period. 



2. Secokbaet Pebiod. 
J'irst Epocli, TriasMC. 



First Epoch, Silurian. 

Secoud |i:poch, Devonian. Second Epoch, Juraesic. 

Third Bpoch, Carboniferous. Third Epoch, Cretaoei 

Pourth Epoch, Permian. 



3, Tertiaey Pebiob. 4. Quatebkart and Modekn Peeicid, 

Tertiary Epoch. Diluvian and Modern Epoch. 

The Paleozoic Period was distinguished, 1. By the entire absence of mam- 
miferous animals and birds. 2. By the presence of many genera of eliells 
called Cepbalopods, like the Nautilus,,of a peculiar structure, not foundaAer- 
wards; also by a ^cat number of another fam ly called Brach opods, which 
subsequently mostty disappeared ; 3 by tl e ex steuce of large numbers of 
crustaceans, called Trilobites, of wh h we find no trace afkrwards ; i, by 
the presence of a great number of singular a m J called C uoida, which 
ne^'ly all disappeared in the subsequent ibmations and 6 by Polypi or 
corals of peculiar types and characters 

The Secondary Period was charaotenzod 1 by the fownesg and small size 
of the Marsupial Qiukdrupeds, which then ex s ed 2 by an e ormoua devel< 
opment, botli as to numbers and size, of ropfilea of peculiar oharaclcr; 3, by 
beautiful groups of the shells called Ammonites, flike the Santilus^ of a pecu- 
liar structure ; 4, by tritws of Eehinodenns. (like Sea Slaral, altogether different 
from UiosB of the first Period ; 6, by Polypi, with peculiar dieters. 

The Tertmry Period was characterized, 1, by the appearance of great num- 
bers of mamniiferous animals ; 3, by an approach to liviDg forms in the rep- 
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tilea and Qahes; 3, bytho total disappearance oTAiDmouites aad BelemniteB, 
BO ftbuuiiont in t!io S^'ooiidaiy Puriod, 

The Quatfnmry Period ia Hpticiallj- diatingciisliod by the appearance of Man, 
tlie most reiiiarkuble ut' all terrestrial auimais. 

We iiiiglit puii'C out tliaractura aliuoaC equally striking aad peculiar la cacli 
of tliu uiae i.'pixtii!'. luUeeii, must of tlieso uii.iht be at^^tia divided, and 
sUll tlie i^'auuus luid Moras vuiild be quite distind) and pec-ulinr, ahawiug 
tliat the earth lias beija thu seat of uot a f>jw lile periods bjoi.'e orguuic beiii^ 
firijl appeared upon IL 

Itis»>ineLlmcecmCoinarytocl]3rai.'terizaa Period or an Epoch bjUie name 
of the predominaut race that then lived. Thus tlie Secondary Period bus 
been called the Fal^^osawiait, or the reign of aneieut Sauriao R«ptilea ; tlio 
Tertiary Period as JUaiiimi/erous, or tlie reign of Mammals, etc. We might 
carry tiiis nomeuoliUure llirougli d!I tlie niiio epodis above meuiioned, as fol- 
lows; To b^in still lower, we might call the Aaoie rocka, Crystidifermis, 
or crystal beuritig ; the Silurian roclis as Brachiopodi/croas, Ccphahpodi/erous, 
and Trilnb^^ou.^. AoLiitlio preilouiiiience of those tUivo tribes of invcrtebrat-'S; 
tlie Deionian. as JViaumicAiAiJerou*, tVom tlie prevalence of strange fishes; 
the Carbooilb:oiad Epoaii, aa ooal-bbabinq, or Acroganfei(niS, from the 
abundauee of ilowurleas trera ; the Permian, as LacerUferovs, or liznrd-hcnr- 
ing; tlie Tiiasiie Kpoch, as EniUiisavri/eraiiS and LabyrinOiodontifeToiia; the 
JurasHC Epoch, as Ichniferoua, jtrack-bearinft), and Pakajsauriferovs; the 
Cretaceous, as Echinif-.rous (baaring Soi tftars,) and Furaraini/eroas ; the 
Tertiary, as Jlammat(fenm3 ; and tlie Modern Kpocb, aa Edmotiiferous, or 
Maoi'beuring. Thnso deagnaUous, however, are more poetical and popular 
than si^ctitido. 

lasinimenia Commifent for Om Practical Gfologist. — For determining (he 
position of airata, tlie Clinometer and I'ocki't Compass ore needed. Still 
more indispensable are hammers. Tboro should ba two or threa of these of 
different sines, with rounded &ces on one ude, and wedge shaped or pointed 
at the other. The largest should bo a. somewhat heavy sledge, and the 
smallest of only a few ouoees weight for trimming speeimena. 

in some departments of geological reaeareh, a knoivlei^ of heights is re- 
quisite. As the heiglits of but comparatively few elevations in our country 

■e known, a levelling apparatus or barometer is ciBential. A new kind of 



barometer, called 



experience tc 
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uirablj adapted to tlio work. It i3 less accurate than the mercurial, bat 
much loss liable to injury. It ia generally of litlje value above aa elevation 
of 5,000 foBl, As is seen in tljo representation, (Fig. 41), tlie inches and 
subdivisions of the comiuoa mercurial barometer are marked upon it, and 
the indes: poinis lo tlie ditferent marks, according lo ila change of eliivatiou. 
Every new Aneroid sliould bo tested before much I'eliuiiCo can be placed 
upoa it To ascertain the heigbt of a mountain above a valley by this in- 
Btrument, multiply [he space passed o^er by the iiidex, (exprcBsed in thou- 
Bindlha of an iuoh}. by the number of feet of elevation requisite to move the 
index one-tenth of an inch, and cut off four right hand figurca for detmala. 
' ""^ — ' "* an apporatua Cor sltetohing lire also desirable. 



SECTION II. 
THE CHEMIBTET AXD MISEKALOGY OF GEOLOGY. 

©F the six^-two Biniple sub^tracea hitherto <liscoverei3, sixtpen 
constitute, by their vanous couibinjtions, neai'ly tlie iv!ioIe of tin; 
matter yet known to enter into the composition of tlie globe. 
Thej are as follows, arranged in three classes, Beconiing to their 
amount; tlio first m ca^h class being tlie most abundant. 

1. ^on-Metallic Syhstantes. — Osygen, Hydrogen, Nitrogen, 
Carbon, Sulphur, Chlorine, Pluonne, and Phosphorus. 

2. Metalloids, or (he bases of the earths and alkalies. — Silicium, 
AI urn i Ilium, Potassium, Sodium, Magnesium, and Calcium, 

3. Metals Proper. — Iron, Manganese. 

The metalloidal substancea mentioned above, united with oxy- 
gen constitute the great m3=s of the rot.k'i con olidattd and uncon 
solida e<l, accessible to man Oxjgen also forms twenty pel cent 
of the atmoepheri. and one th rd fart bv measute of water 
Hydrogen forms the other tno thirds of this latter substance, 
and it 18 oiolved aKo fiom vol(,inos, and is known to exist in 
coal Nitrogen forms four fifths of the atmosfhtre and enters 
into the composition of animtls, livi ig and fcssil It is found also 
in coa! Carbon, however forms the principal part of coal tnd 
it e\iata hkewi<« in the form of carbonic acil in thf- itmo phere 
though constituting onl? one thousandth part, ani it fotms an 
important j art of all the ciibonateo and is prodn ed wherever 
vegetable and animal matters are undergoing de omposition 
Sulphur IS found chiefly in ths sulphnrvts ind sulphates that are 
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SO widely disseminated. Chlorine ia found chiefly in the ocean, 
and in the rock salt dug out of the earth. Fluorine occurs in 
most of the rocts, though in small proportion. Phosphoms is 
widely diffiised in the rocks and soils, aod is abundant in organic 
remains, iu the form of phosphates. 

Neiirly all the simple substances above mentioned have entered 
into their present conibinationa as binary compounds ; that is, 
they were united two and two before forming the present com- 
pounds in which they are found. The following conatitntc nearly 
all the binary compounds of the accessible parts of the globe : 
Silica, Alumina, Lime, Magnesia, Fotassa, Soda, Oxide of Iron, 
Oxide of Manganese, Water, and Carbonic Acid, 

It is meant only tliat these binary compounds, and tha GixteeQ simple sub- 
staoces that have been enumerated, oonstitule the lai^est part of the 
known mass of the globe : for manj' other binaiy compounds, and probalily 
all the kuown simple substances, are found in small quantity in the rocks ; 
but not enough to be of importance iu a g^ogici^ point of view. 

It has been calculated that osygen constitntos 50 per cent, of 
the ponderable matter of the globe, and that its crnst contains 45 
per cent, of silica, and at least 10 per cent, of alumina. Potassa 
constitutes nearly 7 per cent, of the nnstratifled roots, and 
enters iargciy into the composition of some of tho stratified class. 
Soda forms nearly 6 per cent, of some basalts and other less ex- 
tensive unstratified rocks ; and it enters largely into the composi- 
tion of the ocean. Lime and magnesia are diff'itsed almost 
uoivci'sally among tho rocks in the form of silicates and carbonates 
— the carbonate of lime liaving been estimated to form one- 
seventh of tho crust of the globe ; at least three per cent, of all 
tnoivn rocks are some binary combiiiation of iron, sucli as a:i 
oxide, a siiipburet, a carburet, etc. ; manganese is widely diffused, 
but forms less than ono per cent, of the mass of roeks. 

A few simple minerals cotistitiito the great mass of all known 
rocks. These are Quartz, Feldspar, Mica, Ilornblende, Pyroxene, 
Caleite, embracing all carbonates of lime, Talc, embracing Chlorite, 
Steatite, and Serpentine. 0.\ide of iron is very common as an 
impurity ; but it does not usually show itself till the decomposi- 
tion of the TOck commences. 

Quartz, or silica in the pwre state, is transparent, and is known 
as rock ciystal. It ia the hardest of all the minerals enumerated, 
easily scratching all of them. Quarts is also known, when mixed 
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witli other eubstances, under otlicr tiamcs; as amethysi, wLcn it is 
colored purple ; Rose, Smoky, and Ferruginous, f:\itiiyiak.,\>\a.a'k\^i, 
and yellowish red ; Chalcedony, and Agate, when there are several 
colore exhibited in tho same specimen, generally arranged fan- 
tastically ; Jasper, when it is bright red. Figs. 42 and 43 repre- 
sent tlie most common form of (j'-iartz crystals. Quartz ia tho 
most abundant of all minerals; there are but few rocks in which 
it is not the predominant ingredient AUthe forms of quartz are 
absolutely insoluble in water, acids and most liquids, except 
hydrofluoi-ic acid, a substance that docs not appear ever to have 
been concerned in the formation and altei^ation of mineral sub- 




silicates of alumina and an alkali. The most C' 

variety is the potash-feidspar, or Orthoclase, 
Fig. 44, which is a double silicate of aJumina and 
^aara Ory^i. potassa. The sodo-feidspar, or Albile, Fig. 45, a 
double siheato of alumina and soda, differs from orthoctase bat 
little in appearance, except in its crystalline form. Both species 
have a beautiful pearly lustre. The lime feldspar or Lahradwite, 
adouble silicate of alumina and lime, has a still more brilliant luster. 
Other species of feWspar are given in the table upon page 51. 
It is important to be able to distinguish these species, since par- 
ticular rocks are characterized by the kind of feldspar moat com- 
mon in them. 

Mica is also a generic term, including many species. They 
are divided info two classes according to the inclination of their 
axes of polarization to each other — in tlie common mica, Musco- 
vite, inclining at a large angle, and in the others at a small angle. 
Muscovite occurs in plate?, vi\i\A scale off in very thin laminie. 
It is commonly called isinglass ; and is well known from its 
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use instead of glass in tho doors of stoves. Fig. 43 
a crystal of Sluseovite. Clioiiiicatly it is a double silicatii of 
FJg. M. Tig. 41. alumina and potasaa, in which a 

part of the alumina is nsnallj' re- 
placed by iron, Phlogiypiie is a 
double silicate of alumina mag- 
'a and potassa ; and Biotite is 
a double silicate of alnmina, iron, 
magnesia and potassa. 
Ci-j/tinta/ mtico7>!i(. Hornblende is usually a tough, black or 

dark colored mineral, crystalizing as in Fig. 47, and being a double 
silicate of alumina or iron and lime. 

niure are many varieties of hornblende, the most common 
being the TremoHte, Asbeslus, and Actynolite ; the second of 
which is often of a soft texture, and can be woven like cotton. 

Pyroxene, inclading Augite, SahUU and Diopstde, is a simple 
silicate of either lime, magnesia, protoxide of iron or manganese, 
or soda, and differing externally fi'om the hornblendes, principally 
in the form of its crystal, (Fig. 48). Hyperathene is an important 
variety of pyroxene, occurring chiefly in the Lawrentian Scries. 

Galcile, or the simple carbonate of lime, is very widely diffused 
as crystalline or sedimentary limestone. Its primary crystalline 
form is rhombofaedral. Fig. 49, but it is oden modified into the 

Fig. 48. Tig. 40. Fig. so. 



Cn/'tal qf Fyroxini. CryiOal of CalcUt. Cryalal of CaMU. 

sliape of Fig. 60. Tlie species dolomite, a double carbonate of 
lime and m^nesia, is also rhombohedral, but it moie nearly ap- 
pToaehes a square prism in its form. Carbonate of lime may al- 
ways be known by its effervescence with aeids. 

Talc is a soft, green or whitish hydrous silicate of magnesia. 
It has a very greasy or soapy /ee/. An impure form called eieatite, 
or soapstone, is well known from its power of retaining heat, and 
as a non-conductor. C'klwik is of a dull emerald-green color, 
and is a double hydrated silicate of alumina and magnesia. 
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Serpentine or Ophiolite. — Serpentine is a mottled rock, tlie pre- 
(loiniuaiit color green, and is a hydrous silioate of magnesia. It 
is distinctly stratified in some looalitios, and though formerly re- 
garded as a purely igneous roclf, is now generally admitted 
to be a metamorphic rock ; perhaps an altered dolomite. It is 
elegant as an ornamental rock, though not much used in this 
country, where it esista in iinmeusc quantities. 

Serpentines j^cierally contiua so many Ibro^n minoml matters aa to form 
■with them dislanct varieliea: as, garneHferoiis, diallagic, iiombleadic, and 
diromiferotis serpeatines. Ophiadee is a mixture of caleite or dolomite, with 
serpentine, talc, and chlorite, oftea breeoiated. In the luttet' lorin are in- 
eludod tha beautiful verde aalique ttvailee, such aii oocufb at Eoxbory and 
Proctorsville. Vermont ; Newbury and Middietield, Maaaaehoaetlai and Hew 
Haven and Jlilford, Connecticut. When chromic Iron is disaemiaated through 
serpentine, giving it a peculiar mottltid appearanco, it is called ophyte, frooi 
ila resemblance to the skin of a snake. 
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Other minerals fonning rocks of small extent, or ejiteriug 
so lai^ely into their composition as to modify their character, are 
the following : gypsum, the hydrous sulphate of lime (of which 
a crystal is represented in Fig, 61), diallage, common salt, coal, 
bitumen, garnet, tourmaline, ataarotide, cpidote, olivine, and 

A few of these minerals exist in so large masses as to be de- 
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nominated rocks; e. g., quartz, carbonato of lime, etc., but in gen- 
■ Fi^'. 51. Qral, from two to four of tbem are united to form 

a rock; e.g., quarts, .feldspar and mica, to form 
granite. lu Borne inatancea the simple mincrala are 
so mncli g]'oimd down, previously to their consolida- 
tion, aa to make tbe rock appear homogenous ; e. 
g., abale and clay slate. 

Water conatitutes a part of nearly all rocks, eitlier 
chemically combined with the component minerals, 
or as amcehanicalconatituent of tbe roeb itself. Tbe 
latter ia the more usual case. The more common 
hyJratcd minerals are talc, chlorite, gypsnm, serpentine, dialli^e, 
and the zeolites. It is remarkable that the latter, occnrring in 
volcanic or igneous rocks almost exclusively, should contain so 
maeh water, while many that are formed in sedimentary rocks 



The r cl>3 1 n rals ef 1 n a conon 1 pi nt of view 
are in a f v stinces fo nd almo t e ry part of the rock 
series but n a major ty of cas s they aie co fiu J to one or 
more plac s tii t s a 

E]£AMPLOS. — GraynU, i&i/eBiie, aiiA Porphyry . fuund intrudtd among all 
tha stratified rocks as bigh in tlie series as the Tertiary strata; but they are 
simoat entirelj confined to the Hjpozoic rocka. 

Greenstone and Basalt are found among and overlying all the TTypozoic and 
fossiliferoua roeka ; but Ihey are mostly eonneeted with the latter. 

Lava, some yarietiea of wliich, aa Pisperino, are emplciyed in the art?, 
being the product of modern volcanos, is found oocaaionijly overlyiog eveiy 
rock in the series. 

C/ay: tbe common varieties used for bricks, eartliem ware, pipes, elc, 
occur almost 05:oJuaivel}' in llia Tertiary and Alluvial strata. Porcelain clay 
results from the decomposition of granite, and ia tiund in connection with 
that rack. 

Marl, or a misture of carbonate of lime and day, is chiefly confined to tlio 
Alluvial and Tertiary strata; and differs from many varieties of limestone, 
only in not being consolidalel. 

lAmeaimie, from wliich every variety of marble, one variety of alabaster, 
nod every sort of quieklime are obtained, ia found in almost every rock, 
stratilied and unstratifled. ]□ the oldest straliSid rocks iind in the unstrac:- 
fled it is liighly oiyatalline ; and in tbe newer strata (e. g., chalk), it is often 
not at all crystalline. Tlie most esteemed marbles are obtained from the 
PaUeoix)ic rocks, either unaltered or metamorphia 

ScrpetUine is connected with metamorphic recks, either irypozoie or Palaeo- 
zoic It ia not nnfroquontly asaoeiated with trap rocks in later periods. 

Gypsum, or Piaskr of Paris, is found in Kurnpe in all tiio llesoaoic and 
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Tertiary strata. In tliia country a little is found in (ha Paljeozoic rocks, but 
iti greatest abundance ia the Ueaozoic and Cainoaoia forroationg. Upon the 
Hod lUver, in Texaa, more than a hundred miles square of surface aro under- 
laid by selenile, a transparent variety. 

Rock SaU (Chloride of Sodium) 13 frequently found aaaociated with gjp- 
sum, in the New Red sandstone. It oocura afeo in the Supercretaoeous or 
Tertiary strata ; as at the celebrated deposit at Wieliczka in Poland, and in 
Sioily, and Cordona (Sp^), in Cretaceous strala; in the Tyrol, in the Oolites; 
and in Durham, England, salt springs occur in the Coal series. In the 
United States they issue from the Silurian rocks. 

Formi of Vegetable Matter. — Jf vegetable matter be exposed 
to a certain degree of moisture and temperature, it is decomposed 
into the substance calleii peat, wbich is dug from swamps, and 
belongs to the allnvial formation. 

Lignite or Brown Coal, the most perfect variety of which is jet, 
is found in most of the scries above the coal forraations ; and ap- 
pears to be vegetable matters like peat ■which have long been 
buried in the earth, and have undergone certain chemical changes.. 
It generally exhibits the vegetable structure. 

Bituminous Coal appears to bo the same substance which has 
been longer bnried in the earth, and has undergone further 
changes. The proportion of bitumen is indefinite, varying from 
10 to 60 per cent., and the coal is said to be dry ot fat, according 
to the amount of bitumen present. 

There are several varieties of the bituminous coal. 

Pitch, or caking coal, is a velvet black, highly bituminous mass, 
which cakes or runs together during combustion. Cherry coal is 
like caking coal, but it does not soften and cake. It breaks so 
readily that much of it is lost in the mining process. Cannel 
coal is nearly black, with a fine compact texture and a concboidal 
fracture. It burns readily like a candle, hence its same. Splint 
coal ia a coarse variety of cannel coal. The Albert coal of Nova 
Scotia ia perhaps to be regarded as a species of bitumen, because 
the latter so much predominates. It has a bright, shining lustre, 
and ignites instantly upon contact with flame. Coke is bitumin- 
ous coal artificially deprived of its bitumen. It is light, and 
approaches charcoal in appearance. Coke is occasionally found 
in nature ; especially in the neighborhood of dikes. All these 
varieties are found in the coal formation, and even in the Meso- 
zoic and Tertiary aeries. 

Anthracite is bituminous coal that has been deprived of its 
bitumen, usually by heat, under pressure. It thus forms a com- 
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pact heavy mass, igniting with some difficulty. The anthraeito of 
Pennsylvania, of enormous extent, is in the true cual measures, 
and it is a curious fact, that as we pass westward — tliat i;-, recede 
from the metamorphic and nnstratified rocks of the Atlantic 
coast — the quantity of bitumen increases ; so that withm a few 
hundred miles the coal is highly chai^d with it. Tiie fact mates 
it extremely probable that the heat, which changed the metamor- 
phie rocks, also drove off the bitumen. 

The anthracite of Rhode Island and of Massachusetts, is in what 
may be called a metajnorphic Coal Field ; tliat is, the strata have 
been more acted tipon and hardened by heat than is nsual. In 
Rhode Island and in Bristol county in Massachusetts, the fossil 
remains are still found ; but in Worcester, where the bed of coal is 
seven feet thick, no trace of fossil vegetables has been discovere<t ; 
and the rocks are considerably hardened and crystalline. Tlie 
coal also is much more stony, and is partially changed into plum- 

Graphite, Plumbago, or Black Lead, appears to he anthracite 
which has undergone still further mineralization ; at least, in some 
instances, when coal has been found contiguous to igneous rocks, 
it is converted into plumbago ; and hence such may have been 
the origin of the whole of it. In the Alps, plumbago is found in 
a clay slate that lies above the lias. It is also found in the coal 

All the varieties of coal that have been described occur in the 
form of seams, or bods, intei'stratified with sandstones aud shales ; 
and most usually there are several seams of coal with rocks be- 
tween them ; the whole being aiTanged in the form of a basin. 
Fig. 52 is a sketch of the great coal basin of South Wales, in 
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nroch this arrangement facilitates tlie exploration and working of 
coal, we can hardly doubt but it is the result of Divine Bcncvo- 

The Diamond, which is pnre ciystalized carbon, has been found 
associated witli a variety of New Red Sandstone, called itacolu- 
mite, at Golconda, India, and with talcoso schist iu BraziL Both 
these rocks have been subject to high heat, and preasure, and 
hence perhaps the crystalization of the carbon. In general, the 
diamond is found in drift ; having been removed from its original 
situation ; and we may always presume that every mineral exist- 
ing in the older rocks will be found also in Drift ; because their 
detritus must contain them. 

It has been inferred from the preceding facta that all the varie- 
ties of carbon, above described, had their origin in vegetable 
matter; and that heat and water have produced all the varieties 
which we now find. 

Gems and JUeiala. — Almost all the predous etones, such as the sapphire, 
emerald, ^inel, chryaobeiy], ehryaophrase, topaz, iolite, garnet, lounnalme, 
«c., are found exclusively in the most ciyatalline rocks. Qiuirtz in the various 
ftirtaa of rook crystal, chalcedony, carneliao, eacholong, aardonyi, jasper, etc, 
is found sometimes ia the Mesozoic strata, and especially in the trap roeka 
sfEoeiikted WLlb thtjm. 

Some of the metals, as platinum, gold, silver, mercury, copper, 
bismuth, etfi^ exist in the rocks in a pure, that is, metaliic state ; 
but usually tbey occur in the state of oxides, sulphurets, and car- 
bonates, and Are called ores. It is rave that any other ore is 
found in suflicient i^nantity to he an object of exploration on a 
large scale. 

These ores -occur in four modes : 1, In regular interatratified 
layers, or beds. 2. In veins or iissures, crossing the strata, and 
filled with ore united to foreign substances, forming a gangue or 
matrix. 3. In irregular masses, 4. Disseminated in small frag- 
ments through the rocks. 

Iron is the only metal that is found in all the rock series in a 
workable quantity. Among ils ores, only four are wrought for 
ohtjiiniug the metal : viz., the magnetic oxide, the specular or 
peroxide, the Lydrated petoxide, and the protocarbonate, 

Unn^anese occurs In the state of .i peroxide and a hydr.iti^ and is conflnod 
lo the metamorphic rocks ; except on unimportant ore called the earthy 
oxide, which exists in e^tnliy deposits. 

Iho most important oroa of copper are the pyritous copper, ind the car- 
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bonatna. Tlieae are round in metatnorplue roofca, in the Trias anl flie Ter- 
tiary. Immonae quantitioa of native copper are mixed in the Lower Silurian 
ddI IIuroTiian rocks about Lakes SupBiior and Huron. 

The ooly ore ot lead, of much iruportanoc, ia tlio sulphuret. Tliia la found 
ia tlie Laurendan seriea, in botii the atratifled and unstratifled rocks; in the 
Hudson Biver group, cspedallj' in the Western Stal^^s ; but U esists also in 
Iho McaozcHc system, 

TliB deutosiile of tin is tlio principal ore of that metal. Tliia is most com- 
mon])' found in Iho oldest formations of gneiss, granite, and porphyry; also 
in the porphyiica couoected witli red Eaodstone. It is found tiltewise m 
quantity eulfident to be wronght in Drift. 

Of Eioe the most abundant ore is tlio sulpborel, which is commonly asao- 
dated with the sulphuret of lead, or galena. Other Taloablo ores are the 
carbonate, silicate, and tljo oiide, which ooaar in Mesozoic rocks. 

The most common ore of antimony, the sulphuret, has hitherto been found 
ebieHy in granite, gneiss, and mica schist. 

The principal ore of meremy, the sulphuret, occurs chielly in Now Bed 
saniHstono : smnetimos in a sort c^ mica schist. 

Siirer in its three forms of a sulphuret, a sulphuret of silver and antimony, 
and a cWoride, baa been foand mostly in Hypozoie and Pakeozoio slates; 
sotaetimes in a member of the Sqw lied Sand^nc series, aud in one instance 
in Tertjary strata. 

Cobalt, bismtttb, aisenli^ etc,, are nsuaHy found associated with silver, or 
copper ; and of coarso occur in the older rocks. The other metals, whieli, 
on acccnint of their small econ<»iicnI value and minute quantity, it is un- 
necessary to particularize, are also found io the older strata ; frequently only 
dissomiDaled, or in small insulated masses. 

Theory of Ike oriyin and dialribution of Gold. — Gold in its 
original situation occurs mostly in veins of quarts that traverse 
the older Palsoozoic slates and schists, frequently near their junc- 
tion with eruptive rocks. Sometimes also it is found in the latter. 
Talcoso schist is the most usual gold-bearing rock ; the rocks con- 
taining it are metamorphic members of the Silurian, Devonian, 
and Carboniferous series — especially the first. la European 
KuMia, for example, the Palseozoio rocks, scarcely even yet solidi- 
fied, contain no auriferous bands ; but by following the same stiata 
into the Ural Mountains, ■where they have been lifted up, and 
metamorphosed in conjunction with the intrusion of porphyri-, 
greenstone, syenite, and granite, gold is seen to abound. 

But ftt what period was the gold introduced ? In the Mesozoic 
and Tertiary strata none, or scarcely none, is found, and yet those 
rocks were derived from the more ancient Palieozoic mcmbei's. 
Moreover, the loose deposits of gravel and sand, derived in part 
from the same Palaeozoic strata, are the chief repository of gold. 
Hence the conclusion is irresistible, that the older schists were not 
impregnated with gold, while the Mesozoic and Tertiary strata 
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were in a course of deposition, but after that time, the protrusion 
of the eruptive rocks produced the gold. Since then aqueoua 
and atmospheric ageiiciea have worn down the auriferous strata, 
carrying the metal into ihe lowest places, and thus bringing it 
within the reach of n 




Origin aiid platrlbuiloit iff OoSd. 



a, a, a represent the older slates, tiltsd up and metamorphosed by the in- 
trusion of the veins, c, r, c, etc., which impr^nated tliein with gold. Origin- 
ijly these slate mountains rose above b, h. By their erosion the Secondary 
deposits c^ and the Tertiary deposits, e, were produeed brfbre the ityection of 
the auriferous veins, '(, c, c, etc. After liieir injeetion, tlie same erosion went 
on, reducing tiie mouiibiins to tbe line i, i, and filling ttie low places wiUi tlie 
deposiia It, h, containing gold. 

Thus it appears that gold was brought up from the earth's 
interior, a little time only (geologically speaking) before the 
appearance of man on the globe Fishes and lizards, niollnaks 
and crustaceans, did not need it ; and therefore it was delayed till 
a being was about to be created who did, 

The moat important ranges of gold-bearing rocks are these: 
the Rocky Mountains, from Kussian America through California 
and Central Amei'ica, into parts of the Andes in Soutli America; 
the Appalachian and associated ranges, from Canada to Alabama ; 
the TJralian Mountains in Russia ; and in Australia. Tlie Califor- 
nian ranges are the most productive. In 1864, 481,950 lbs. Troy 
of gold were mined in the whole world, of which the United 
States produced 200,000 lbs., Austi'alia and adjacent Elands, 
150,000 !bs. ; and the Russian Etnpire, 60,000 lbs. 

With a few exceptions, working the ori^nal veins in which 
gold occurs has not proved remunerative, sanguine, as most gold- 
seekers are, that thoii' fortune is made when they have discovered 
sncU a vein. But nature has done the work much bettei" than 
man can, and collected in the lowest places gold in quantities, 
while in the rocks it is sparsely disseminated. Moreover, it is 



o.led by Google 



68 F0OL9G0LD. 

ftmnd tliat gold veins, unlike those of most other metals, diminish 



It appears from the facts that have been detailed respecting the 
situation of the useful minerals that great assistance in search- 
ing for them may be derived from a knowledge of rocks and their 
order of superposition. 

No geolt^at, for instanoe, would expect to find valuable beds of coal in 
the oldest crystalline rocks, but in. the fossiliforous rocks alone; and even 
here he would have but feeble ejtpeciatiooa in any rook ejtcept the coal 
fonnation. What a vast amount of uuneeessary expense and labor w-ould 
have been avoided, had men, who have searched Ibr coal, been always ac- 
quaiuled willi this principle, and able to distinguish the diD^rent rocks 1 Per- 
pendicular strata of mica and talcoss scbisla would never have been bored 
into at great expense, in Bsareh of coal ; nor would black tourmaliQe have 
been mistaken for coal, as it haa been. 

By no nineral substance hare men been more decraved than by iron pyrites : 
which is appropriately denominated /ouTs gold. When in a pure stale, i(e re- 
semblance to gold in color is often so great that it is no wonder those unac- 
quEunted with minerals sliould suppose it tK> be that oietaL Yet the merest 
tyro in mineralogy can readily distinguish the two substances ; sioee native 
gold is always malleable, but pyrites never. This latter mmeral is also very 
liable to decomposition, and such changes are thereby wrought upon the 
rocks containing it as to le^ tha iaexperien^d observer to inia<pne that be 
has got the clue tfl a rich depository of mineral treasures ; and probably nine 
out ^ ten of those numerous excavations tliat have been made in the rocks 
of this country, in search of the precious metals, had their origin in pyrites, 
and their lerminalion in diaappointmenti if not poverty. This ore also, when 
decomposing, sometimes produces conaderable heat, and cauEies masses of 
the rock to separate with an explosion. Hence the ori^n of the numerous 
legends that prevail respecting light seen, and sounds heard, in the mountain 
where the supposed treasure lies, and which so strongly confirm the ignorant 
in then- expectatioa of fluding mineral treasures. Now all tliia delusion 
would be dissipated in a moment were tbe eye of a geolo^st to rest on sucli 
apol^ or were the elementary principles of gealt^y more widely diffused in 
the community. 

Another common delusion respects gypaum, which is as often sought 
among the hypozoio as in the secondary and tertiary rooks ; although it is 
doubtful whefeer gypsum has ever been found in t*e former. A few years 
since, however, a farmer in this connMy supposed that he had discovered 
gypsum on his &rm, and persuaded his neighbors that such was the coai.'. 
TTiey hojight large quantities of it, and it was ground ibr agriculture, when 
accidentally it was discovered that it was only limestone ■ a fact that might 
have been determined in a moment at first, by a single drop of acid. 

Caution. — Tt ought not fo be inferred from all that has been said, 
that because a mineral substance has been found in only one roek, 
it exists in no other. But in many cases we may be certain tliat 
such and such formations can not contain such and such minerals. 
Of these eases, however, the practical geologist can alone judge 
with much coiTectness, and hence the importance of an extensive 
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wiquaintance with geology in the co mm unity. An amount of 
money much greater than ia generally known has been expended 
in vain for the want of tLis knowledge. 

The diemical ebanj^eB which rocks have undcrgono since their deposition, 
as well as the operatiun of decomposing j^ecls to whidi tUey are now ex- 
posecl, properly belong W the oliemistiy of geology. But these poinla will be 
dererred li> Gubaequeut sections, because tbey will tUci'o be better uoder^ 



SECTION in. 

UTHOtOGICAL CHAEACTEKS OF THE K0CK9. 

The Uthologkal chafaclcr of a rock cmbi'aces its mineral com' 
position anJ structure as well as its external aspect, in distinctioa 
from its zoological and botMuical character, which refer to it* 
organic remains. 

Rocks are d^'positcd by water in ivra modes : first, as mere 
sediment, by its niec-lianical agcncj-, in connection with gravity j 
secondly, as chcmieal precipitates fi'om sulutton. 

The first kind of rocks is called mechameal or sedimentary 
rocks ; tlio second kind, chemical deposits. 

As a general fact, the lower we descend into the rock series we 
meet with less and loss of a mechanical and more and more of a 
chemical agency in their production. 



Ill the fu^iliff^roiis rocks we sometimes End an nllernatlon of mechanical 
and cliemieal depoaiLs ; but for the most part, tfaese rocka exhibit evidence ot 
both modes of deposit^ acting Bimultaneousty. 

It is difficult to conceive how any rock cnn be consolidated without more 
or less of chemical agency, except perhaps in that imperfect consolidation 
which takes place in alliaceous mixtures by mere desiccation. Even in 
the coarsest conglomerate there most bo more or leas of chemical union be- 
tween tlie cement ajid the pebbles. 

The most common mechanical rocks arc sandstones, conglom- 
erates and shales. 

When sand is cemented, the solid mass is called sandstone ; 
rounded pebbles produce a eonglomcrate, or pudding stone; and 
angular fragments, a breccia. 

Shale is regularly laminated clay, more or icss indurated, and 
splitting into thin layers along tbe original lamination or planes 
of deposition. 
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Clatf slate is a metamorphosed clay, differing from stale in 
having a stiperindiiced tendency to split into thin plates, which 
may or may not coincide with the lamination of tlio rock. 

Limestones embi'aco miiuy varieties, as massive limeatone, 
granulai limestone, marhleg, dolomite, oolite, chalk, and traver- 
tine. Moat of these varieties ai'o chemical deposits. 

The time during which a number of rocks grouped into a form- 
ntion is in the procc^ of deposition, that is, until some important 
cbange takes place in the mateiial or mode of production, is called 
a geological period ; and the point of time when the cliangc 
occurs is esllcd an epoch. 

We tosra much of the history of the world fiotn ttie flthological eliaraefers 
ef tite stratified rocks. They iiiilicate tlie mode of formation \ wliotbi^r it was 
BKchauical or cbemicaJ; wlietlier llie temperature was ad^ted to the esiat-' 
ence of animals and plaQla; and inooDnectioo with Ibswis, wlietlier a deposit 
was marine or fi'e^ waler ; whether the deposiUoD was made by a rougli cur' 
rent or in t^cid waters; and wlietber the water was deep or sliatlow. 

We shall descril>e the litlJOlaj|;ical characters of each of tlie great sys- 
toma in succession, beginain^ with the lowest stratified rock, and proceecling; 
in aa ascendiDg order. la tliis way we shall ineidentally read the history 
of the earth during tlie different periods. The unstralifled roeks, some' 
times associated with the sedimentary groups, will be described subaequently. 
According to our classification, ilie rotks are divided intu tiie iuiloiving 



I. Awio, II. Palsoioio, 

lit. Mesozoic, IV. Caiuozoie. 

I. AzcMH HvpCBOic {Sedgwick), Lahrbntias SYsifai {Logan.) 

The rocks to bo described (including granite, porphyry, etc.,) were formerly 
called Primary, because they were supposed to have been produeeil before 
the deposition of the foesiliferoas strata; whereas it nowappears that several 
of these rocks have in some instances been formed at a later period. The 
term Azoic signifies vmfos^ftmvB, and is the most satisfiielory appellation jbr 
theaa ciystalline rodta, which are not only tlio oldest locks open the globe, 
bat «rv also found among the higher groU|& The term Hj/pozoir, signifies 
that the rocks embraced in Ihe system lie beneath those eontanung foeaila. 
The term JtfiOamorphic, wliich is sometimes applied to lliem, implies Itiat 
they have t>eea altered since th^ir original production : Imt the same is ti-us 
of some rocks conl^nir^ ftasils. The term Laurcntinn applies only to the 
lower part of tlie Axcbo rocks, the Ojiper part forming the Huronian syi^iem. 
It is a local name, derived fimi the lAnrentine Mountains, in Canada, wdere 
this system is well developed. Prof. H. T>. Rogers calls the Hypozoic or I^u- 
xentian rocks, Gneissao, and the Hurimian, Azoic. 

A Bubdiviaon of the Laurentian system has been proposed by Lognn, 
whicli has not yet been carried out into dehiil^ ; viz., into tba^ roc><s which 
contsm lime, either as carbonate, or as a lime feldspar, and those which are 
Restitute of lime in any form. There is no certain order of superpositioa 
amoi^ the different groups of this formation ; but wc shall describe them in 
the onier in whieh geologists have supposed them most commonly to occur. 
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1, Gneiss, — The essential ingredients in tliia rock aro quarts, 
feldspar, and mica. The feldspars nre botJi limc-fcld spars, (Labra- 
dorito), and soda- feldspars, (Albite and Anorthite). Hornblende 
ia sometimes present These ingredients arc arranged more or 
less ia foiia, and the rock is stratified. Where it passes into 
granite, however, (which is composed of the eame ingredients), 
tie stratification, as well aa the foliation become exceedingly ob- 
Bcurc ; and it is impowible to draw a definite line between the 
two roeks. Gneiss, as well as mica schist, are remarkable in some 
places for tortuosities and irregularities exhibited by the strata 
and folia ; while in other places these same rocka are equally dis- 
tinguished for the regularity and evenness of the stratification, by 
\Yhich they are rendered excellent materials for economical pur- 
poses. 

: it a spotted ap- 

2. Miea tchist. — This consists of successive layers of mica and 
quartz, tlio former predominating. It is not unusual to find small 
crystals of feldspar, disseminated through it. Garnets and stauro* 
tide are oilcn so abundant in it, over extensive tracts, as properly 
to bo regarded as constituents ; hence the varieties, gametifermts, 
and stauroiidiferoua mica schist. 

3- Saccharoid Azoic Ztm«s(on«.— Tho limestone contiectcd with 
azoic rocks is generally white and highly crystaJline, I'csembling 
loaf sugar so much as to bo called eaccharoid. In some situations 
it is dark colored, or it may receive bright colors from minerals 
disseminated throngh it. It ia often highly mi^esian. Many 
authors prefer tlio term erystalliru! to saccharoid ; but many other 
limestones arc crystalline, 

4. Talcose schist. — This rock consists of successive layers of 
talc and quartz. Mica, ealcite, feldspar, and hornblende, are fre- 
quently present. Often talc is replaced by talcite, or some min- 
eral resembling talc. Talc is a hydrous silicate of magnesia, but 
the substituted minerals are silicates of aluroma. Hence what is 
often called talcose schist is only an altered variety of clay slate. 

Varielies. — In chiurile schiat talc is replaced by chlorite, a liydroas silicate 
or Blumina and magnesia. It is almost pulverulent and compact, of a green 
color, and Ihe chlorite mure abundant Ihan the quartz. SleaUte is ollen 
nothing but scbislose talc, wbich is adherent enough to be wrought, and 
at other times it is somewhat granular and slightly indurated. This is the 
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yalaablo Gtone bo extensively ased for fiamaces, fire-placea, aqueducts, etc., 
imder thu luinie ofsaapstoae or frsosloae. 

5. Hornblende ickint. — HoriiblGnde predominates in this rock, 
but its varietioa contain fuMspar, quarta, and mics. WliPn it ia 
puro hornblende, its stratification is olten iiidistimt, and it passesi 
bj taking feldspar into its composition, into a rock resembling 
greenstone. It occurs in every part of the Azoic system ; but its 
most common associations are ai^Ilaceous slat«, mica schist and 
gneiss; into which it passes by insensible gradations. 

6, Quartz rock. — This rock is essentially composed of qnaitz, 
either gi'anular or arenaceous. The varieties result from the in- 
termixture of mien, foldspar, talc, hornblende, or clay slate. In 
these compound varieties the stratification is remarkably regular; 
but in pure granular qnartz it is often difficult to discover the 
planes of stratification. It is interstratjfied with every one of the 
azoic rocks. 

Tbe oreuaceous varieties of this rock (brm good firesliMa ; Ihat is Btonea 
capable of sustuining powerlul heat Some varieties of niica Scliiat are Mill 
better. Gneiss of an arenaceous conlposiuon is also employed ; as ale sev- 
eral varieties <^ sandsMiie ol' difierent ages. The Hrestoue of the Englith 
groec aaod la a fine siliceous satid cemented by Ihuestona 

1. Clay date or arfftllaceoas a^ate.— This ia a fine-grained fissile, 
highly indurated rock, splitting into plates by cleavage, .altogether 
independent of the oiiginal lamin<e, Tliis superinduced structure 
may often be distinguished from the strata, by means of paiallel 
bands of different colors and textures traversing the rock. It ia 
generally a dull blue, grey, green, or black color, sometimes brick ' 
red, sometimes striped, sometimes mottled. This rock is best de- 
veloped in the Cambrian aeries. 

Notaoulite or honestone is a compact variety of clay alate, which is highly 
prized fbr hones. It ia less divided by cleavage planes, and has a very soft 
and smooth feeL 

6. Scrpcntlaa. The description of this rock as a mineml em- 
braces f.ll that is needful to say of it i;i this place. We need, 
l!icreforc, only rcf;!r to pajc 51. 

II. PAI^OZOIC SYSTEM. 

The Palaeozoic rocks, or those in which the oldest forms of 
life are found, embrace deposits of vast thickness. They are 
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1. Tlie Cambrian, 2. The Silurian, 3. The Devonian, or Old 
Med Sandatone, 4. The Carboniferova or Coal Formation, and 
6. The Permian System. 

1. The Cambrian or Huronian Series. 

There has been much discussion among English geologists as 
to the upper limit of the Cambrian system. The most satisfiic- 
tory classification makes of it a vast thickness of sandstones, 
schists, and slates underlying the Lingula flags in England, and 
the Potsdam sandstone in this country. Scarcely any organic 
remains are found in it in Europe, and none as yet in this coun- 
try. Perhaps half of this group in Great Britain is clay slate. 
Its beds are there 26,000 feet thick. The terra Cambrian is de- 
rived from the ancient name of Wales. 

These rocks cover extenave areas in Great Britain, particularly in Wale?, 
from which tile well-knowo Welsh rooBng slal« is obtained ; also in Ireland, 
Bohemia, and Scandinavia. They have been recr^niaed in tliid country but 
recently. Logan has dsBoribed a aeries of rocks about Lake Huron, referab'e 
to this group, which he has called the Hiaimian Group. The lowest member 
is a bimsh slate, reposing uncontbrmaWy upon the Laursntian rocks, suc- 
ceeded upwards by I'arious colored sandBtones, slates, and an occasional band 
of limestone; the whole being 12,000 feet thick. Professor Rogers has 
described some rooks of that age in Pennsylvania. 

2. The Silurian Series. 

This system rests nnconformably upon tho Huronian series at 

Lake Huron, and elsewhere in this country upon tho Laui'entian 

group, and in Europe upon the Cambrian i ' ' ' ' 



into the Upper and Zi 

by want of conformity and pecu. 



distinguished from each other 
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64 SIIU&IANgEHlEB. 

In Fig. 54 the poaiEion of the Silurian and Devonian rocka is ehown aS 
they occur in the Western part of Hew York. The Huronian group is waul- 
ing, as well as several of tbo other subdivisioi^ upon tliis section. It is vel7 
rare to find ali the members of the series at one locality. For example, llie 
Onondaga salt group m found only in Western New York anii in British 
America, i<)lsewbere the Lower Helderberg limetitonB may succeed directly 
to the Niagara gronp. 

1. Lower Siiurimi. — The Folsdam, sandstone is a purely silicious sandstone. 
GTie CWci/erotw sandrocfc is a calcareous Eandstcne or an impure limeslone| 
Bonietimes magnosian. Tbe GItasy and Tnsaton UmeatoiH^ are black Ibssilifer- 
ous limeelonea The Utica alate is a blade shuly limesiono. The Lower Hud- 
ton river group \a mostly clay slate; but in tlio Weslei n States its place \a 
occupied by limesloDe ; the npper part of the so called daff Umeebme. Some- 
times there is an miconformability between the Iriiwer iind Upper Silurian, 
as in England, and at the moath of the St. Lawrence river in this country, 

I. Vpper Sibi/rian. — The Oneida conglomerate Is usaally purely silicioUiJ, 
but paeses insen^bly into calcareous sandstone or <)olomitic limestone In soma 
distriets. The Medina sandstone Is a red sandstone, or shale. The Vpptr 
Budsort river group is partly day slate, and partly talcose schist, with occa- 
sional beds of limestone. It has aa yet been found only in Western New 
England or Eastern New York. The (Mnlon grou2> la an alternation of shales, 
limestones, and iron ores or iron sandstones. The Anltcosli group is an assem- 
■ bl^ie of argillacGOUa limestones occurring upon the Island Anticosti in the 
Gulf of the Sti Lawrence. It is probably equivalent to the formations be- 
tween the Lower Uudson river group and the Clinton group. 

The Hia^ra group is an alternation of limestones and shales ; and some- 
times the shales are wanting. Tbe Onondaga sail group is an alternation of 
limeatones and shales, the limestones predominating, ^m which issue salt 
springs. The Lower Selderberg limeelone is a highly foasiliferous dark colored 
hmescone, and is veiy persistent, whQe tbe previous member is most usually 
wanting. 

The European members of the Silurian System are likewise composed of 
sandslones, limestones, and shales. The tnllowing figure represenla the gen- 
eral order of theso groups in Europe, witli tlieir names. 




Tlie Silurian rocks occupy large areas in Belgium, Germany, Scandinavia, 
and Rua.'ua, as well as in Iforth and South America. 

Tliere has been much discussion among English geoto^ts aa to the limits 
of the Cambrian and Silurian series. Murchison regards them both as Silu- 
rian. Sedgwick divides tho Cambrian Into Lower, Middle, and Upper, and 
Iiis Upper Cambrian is tho same as what we have called Lower Silurian. 
The government surveyors of England have compromised these views, and 
describe these series as Cambrian, (Lower and Middle of Sedgwick), Lower or 
CambrO'Silurian, and Upper Silurian. 
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3. The Devonian or Old Red Sandsttme Series, 

The position of ihe diffcrect formations of the Devonian eeriea has been 
already Rhown. The OriaMny sandsUme, tins Cock-tail grit, and the SchohaTte 
grit are mostly Eilicious. They are eucceeded by a persistent fbsHliferous 
limestone, the Upper Hdderb^g. The Mwcelius ^ales are composed of clay 
slata; the HamUloa group of tiiicb hedded grits, used extensively for fiag- 
ging stones, and slates ; and the Oeneste slates are also ar^illaceoas. The 
Portage and Chemicng groupa are mostiy grits and shales. The GatskiS Bed 
SandstMhe, the upper member in tliis country, eonstitules the Catskill Moun- 
t-iiiia in New York, where they are 3,000 feet thick. The whole thickness of 
the system in this country in 1 1,1 E>0 feet. 

In Oreat Britain tliia system bas long boon known as tlie Okl 
Red Sandstone, and was denominated Devonian by Sedgwick and 
ilurcliison, to designate tlie Old Red Sandstone aa it whs developed 
in Devonshire. In Scotland this formation is not less than 10,000 
feet thick. In England it is divided into three groups : 1. Tileslone, 
or fissile beds used Boraetimes for tiles. 2. Comsfone' and Marl, 
or argillaceous marly beds, alternating with sandstone, and some- 
times with impure limestone, 3. Old Eed Conglomerate, the 
uppermost division. 



This Ibrmation ia widely developed on the continent of Europe, as in Bel- 
gium and Westphalia, France and Spain. In Busaia it covers more surlaco 
than the whole of Great Britain, not leas than iriOiOOO si^uare miles. In the 
United States it occupies extensive tracts. 

4, Carhoniferousi series, or Ooal formation. 
This system derives ila name from the great amount of coal 
found in it; it being the principal deposit from which eoal is de- 
rived for economieal purposes. In this country there are four 
general divisions : 1. A congltymerate, 2,660 feet thick in Pennsyl- 
vania. 2. Carboniferous lAmestcme, or Red Shales and Limestone, 
ia Pennsylvania, 8,000 feet thick, Tliia Limestone is gray and 
compact, traversed by veins of caJcite, and is abundantly fossilif- 
crous. "When it is mostly made up of tlie remains of encrinitcs, 
it ia called Encrinal Limestone, In England, where it forma the 
lowest member of the Beries, it ia called Mountain Limestone. 
(See Fig. 62, on page 54). 3. A conglomerate, less than half the 
thickness of the lowest division. Thia ia the millstone grit of 
Europe. 4. The true coal measures. These consist of irregularly 
intcrstratified beds of sandstone, shale, and coal. Frequently 
tkese are deposited in basin shaped cavities, bat not always. 
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C9 COALTIELDS. 

Tlie following section of Carboniferous rocks, in Olijo, will illuatrata tlio 
altercatioaa of coal si ale eK 

1. Sandatonc, 

2. COii, . C feet 

3. Fine^ained slaty sand'itono 50 feet 

4. Siliciou3 iron ore 1 S feet 

5. Argillaceous ^aiid tone 5 feet 
e, Ci>AL, i feet 

7. Shale, conta ning leget ble n i e'!? r i leel, 

8. Sandstoae 60 Icet 

9. Irou ore, 1 fxit 
10. Argillaceous "(iiniistone 60 feet 

These rocks abound in faults produce I 1} i^^neoua agency; 
whereby the continuity of tli btds of coal is interiupted and tbu 
difficulty of esplorii J, for coal incrtased in some respects but in 
other respects fsLilitated , so that upon the whole these faults are 
decidedly bcnefieul 

The thickness of the coal formation m Pennsylvania is about 
7,000 feet; in Noia Stotia, 13,fOO feet, in which then, are TO 
beds and seams of coal ; in Great Britain 13,000 feet. 

Coal has been found in nearly all parts of the world. Great 
Britain has 12,000 square miles of coal-fields, the continent of 
Europe about 10,000 square miles ; the area of coal-fields in Kova 
Scotia and New Brunswick is 7,000 square miles, and in the TJuited 
States there are more than 200,000 square miles underlaid by beds 
of coal. 

Of particular coal fields in the United States the largest is the Appak- 
cliian. extending from Ohio and Northern Pennnylvania to Alabama, em- 
bracing 80,000 square miles. Others are the Indiana, Illinoii^ aiid Kentucky 
coal-lield, covering an area of &0,000 square miles ; the Iowa and Missouri 
coal-field. 60, OUO square miles; the Michigan coal-field, 16,000 square niileK, 
and iJie New- England coal-field. GOO eqaare miles. Still ftirtlier west and 
sontli, tJie carbwiir^roua rocks with coal are found, as in the eoulhwcst part 
of Nebraska, the east part of Kansas, and llienorthpartot'Teias. Slill further 
west, ak>ng tl« eastern taae of the Rocky Mountains, and extendinR north 
into tlie British possessions, are e^^tflisive deposits of lignite, either of Crcta- 
c«ous or Teniiiy age. They furnish a coal of much valvie, tiut not as pood as 
that which is older. Tlio?e deposits have not yet been traced o'.t; but will 
undonbtedly be found of frreat extent Siat S. EixgUman'a Report to Captain 
Sanpsoa, ajyiinded to the toifer's Bepart on Wugon Rouita, etc., in Uluh Terri- 
tory, pa^'.i^. 1858. 

In McClinlock'B late ITarrative in search of the remains of Sir ,Iohn Frank- 
lin, (18B0), is B Geok^tical Map, whiHi representa earboniferous aindstciiea 
Willi liedsof coal extending from Lat. 12 to 71°, and Long. 92 to 125°. This 
is represented on the small Geol<wcal Map of North America, attached to 
Part V. of this work. Truly wo do not yet know, by a, great deij, the eitent 
of the coal fields of ttiis country. 
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ProfoBsor n. D. Rogers states npproximately tho amount of coal 
in tho most impoi-tant coal-fields in the world, as follows : 

Bel^um 30,000,000,000 toDS. 

France, 59,000,000, t,00 tous. 

Brilish Isles, 190,000,000,000 tons. 

Pennf^lTania, 316,400,000,000 tons. 

Appalachian coal-field 1.387,500,000.000 tons. 

Indiana, Illinois, and Kentucky, . . . 1,217,500,000,000 tons. 

Iowa, Missouri, and Arkansas, .... 739,000,000,000 tons. 
Total anioUDt in North America, . . . 1,000,000,000,000 tons. 

In aoGie parts of the world they ore Ijeginning to aaloiilate how long their 
supplies ofcoal will last. Ja England not lees thaa 6,000,000 tons of coal are 
yearly raised from the mines of North auiberland and Durham ; at wiilcli rate 
they will be cxhatiated in about 250 years. In South Wales however, is a coal 
field of 1,200 square miles with 23 beds, whose total tliickuess is 96 feet; 
and tliis will supply coal for 2,000 years more. In North Ameliea there is 
twenty-one times es much coaL as in Great Eritain. Estimating our annual 
consumption of coal at twelve millions of tons, tliere is coal enough in Horlli 
America to last 333,333 years.* 

6. The Permian Series, 

In Germany and England the Permian Series presents two 
very distinct groups of rocks ; tho lowest is made up of sand- 
stones of various colors, witli slates containing copper, and tho 
highest is composed f m n ' limestones of varions qualities. 

Tho Permian sjst m ainerona strata of great ex- 

tent in. Eussia, (700 d 400 broad), in the ancient 

kingdom of Pennia, m^ p f mtnon and m^nesian lime- 
stones, with gypsum d L iglomerates, red and green 
gritstones, shales, and pp ng in a trough of the car- 
boniferous strata, and belott ihi, Triassic system. 

Until quite recently It was supposed that there were no Per- 
mian strata in Nortli America. Quito extensive deposits, however, 
have been found in Kansas, Illinois, and Nebraska, Lithologically 
they are limestones, shales, and layers of clay. 

Professor Emmons chums to have discovered Permian strata in North 
Carolina, and supposes tiiat a large part of the sandstones along the AtkntJo 
slope of the Appaladiians are of the same age. It is probable that some of 
the lowest members of this deposit are of this age, but it needs positive 



Under Mesozoic rocks are included all those from tlio top of 
the Permian to tho base of the Tertiary. Tliesc are, 1. The Trias 
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68 ITEW BED SANDSTONE. 

or New Eed Sandstone, 2, the Jurassic scries, and 3, tlio Creta- 
ceous or chalk series. 

1, Triassic Serks or New Sed Sandstone, 
In Continental Europe thtf Triassic System is divided into three 
distinct groups, and hence its name. The lowest is the Bunter 
Sandstein, or Ore» Bigarre ; both terms meaning vai'iegated sand- 
stone. The colors are white, red, blue, and green. The composi- 
tion of the rock is chiefly silicious and at^llaceous, with occasional 
beds of gypsum, and rock salt. The second group is the Musckel- 
Jcalk, a gray compact limestone, occasionally dolomitic. This 
member is wanting both in Great Britain and in this country ; 
and hence there is great difficulty in distinguishing between the 
upper and lower divisions. The highest division is the Variegated 
Marl, or the Keuper, It consists of indurated clays of different 
colors, chiefly red, alternating with gray sandstone and yellowish 
~ ids of gypsum and rock salt a 



In the "Western parts of the United States, in the vicinity of 
the Rocky Mountains, there are deposits referable, it is said, to 
this series. 

2. The Jurassic Series. 

The Jurassic series, so called from its occurrence among the 
Jura mount^ns in Switzerland, embraces the Lias, the Oolite, and 
the Wealdcn formations of England. 

JAa». — Lias is a rock usually of a bluish color like common clay ; 
and it is indeed highly argillaceous, but at the same time generally 
calcareous. Bands of true argillaceous limestone do, indeed, occur 
iu it, as well as of calcareous sand. It is widely diffused ; is very 
marked in its characters, and contains peculiar and very ioteresting 
organic remans. 

Oolite. — In many of the rocks of this series small calcareous 
globules are imbedded, which resemble the roe of a fish, and 
hence such a rock is called roestone or Oolite. But this structure 
extends through only a small part of this formation, and it occurs 
also in other rocks. 

The Oolite series consist of interstratified layers of clay, sand- 
stone, marl, and limestone. The Oolite proper, is divided into three 
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groups, called tlie upper, middle, and lower, separated by clay o 



The upper part of tlio Connecticut River sandstone, is probably of Jurassic 
age, as well aa the long belt of Mesozoic rocks, or a part of tliem, along tLe 
Atlantic slope of tlie Appalachians. The fine ooal-fleld near Kiolinioud, Vir- 
ginia, is also Jumsac, The Oolite in England, eontaina a lai^ number of 
rijptiliau remains: anil in this country the Connecticut River sandstone con- 
tains the remaikable Ibasil ibotmarics or ichnilea. 

TTeaWeii fbrmation. — This formation embraces, 1. f/ie Weald Claij ; 
3. Hastings Sand ; 3. Pairbeck Strata. They were first described in the Sootli- 
east of England, chiefly in the wealds or woods of Sussex and Kent, and are 
composed of beds of limestone, conglomerate, sandstone, and clay, which 
abound in the remains of fresh water and terrestrial animals, and appear to 
have been deposited in an estuary Uiat onoo occupied that part of England. 
Kinilar beds occur in Scotland, and in a f&w places on the Kurapean Coiiti- 
ueut. Some place the Wcaldon undor the cretaceous formation, ua bcloiv. 



3. Cretaceous Serus. 
In Europe and Asia, tliis series is usually charai'terizcd by the 
presence of chalk in tbe upper part, and sands and sandstones in 
the lower. In North America the chalk ia wanting. 



..^^ 



Section of ihe Eaglish Crefaceoas. 

1 Hastings ^nd, 1 ^,^j,„_ 
' Purbeck strata, f 

Lower greensand, 1 
i C ult, > Greensand, 

5 Upper greensand, | 



1 Yellow sh sandstone 

2 Da k gra elav 

3 Leid gray ma 1 

4 BlusI plast c clav 
IS clays. 



€1 



Greensand, 1st or lo' 

5. Fermginoiis sand. 

6. Greensand, 2d. bed. 

7. QuarlKose sand. 

8. Greensand, 3d. or up 



The principal 
and in t!ie Soulliw 
many tliOJsand sqi 



fbrmations in the United States are in ITew Jersey 
and Western Territories. Tho latter deposits cover 
Liilea Wo hare given above sections of tiiese two 
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To cAiNozoic sy8t::!m. 

deposits, parta of each contaiiiiog tlio same fosaila. The exact correspondence 
of llie Euro])ean mid American Btruta ia not yi.[ nsoertained- 

Ohalk ia a ].ulyeruleiit catbonutc of lime, ai.d ils varieties have resulted 
froni t!io iiiipuritiea that were deposited Willi it 'i'lio upper l)eda are reinark- 
ablo for tlie groat quantity of CiEta dispErscd llirouidi tbeni, generally in 
[;aral!el position. The faraoua Dover cli^ iu England are composed of 
challc 

Gfreemanil h a mixtore of arenaocous matter, with a peculiar green euIj- 
Btance greatly resembling chlorite, or p-een earth. It iiaa been nsed exten- 
sively as a fertilizer, as it contains largo quantities of silioate of iron and 
potasja. 

Oavtt or Qaii, is a provincial name for blue clay or marl, forming an in- 
teratraljfied bed in the greenaand of England. 



IV. CAINOZOIO fi 

These iiK'liiil.0 sU the more recent fonnalio:-?, v:z. : 1. tho Tcr- 
tiarj', ant! -. l!:u Alluvium. 

1. Tertiary Scries. 

The Tortiary rocks liavo been divided ii;to three distinct groups 
of marine strata, distinguished by important peciiliantics in their 
organic remains, and separated from one another by strata which 
contain fresh water and terrestrial i'emains. 

Lyull baa given names to these groups which are generally 
adopteO ; 1. fho Eocene, signifying the dawn, or commencemeLit of 
the existing types of organic life, and containing about fonr per 
cent, of slidls identical with living species. This is divided into 
three parts : tho Iiower Eoci^ne, embracing the Nuinmiilitic form- 
ation of the Alps and the London clay ; the Middle Eocene, em- 
bracing portions of tho Paris basin, etc., and the Upper Eocene, 
embracing the upper marine beds of the Paris basin, ete. 3. Tho 
Miocene {less recent), containing about twenty-five per cent of 
shells identical with living species. 3, The Pliocene (more recent) 
or JTewer Tertiary, containing shells, of which about two-thirda 
are identical with living species. 

In Europe and Asia, the roclts of this period are found prineipally in 
basins, apparently deported in Jaiies and estuaries of limited extent, ton- 
doD, Paris, and Vienna, are each situaled upon Tertiary basina. Fig. 57 
represents the London basin, lying iu a trough of Uie Clialk aeries. 

In North America tlie Tertiary depoats are Ibund chiefly upon the Atlantic 
seahoani, and upon the Gulf of Mexico, running northerly into tlic Territories, 
There is a remarliable deposit of this apre in Kehraska, upon tho Mauvais 
Terrts or Bad Lands upon "White river. Local names hare been (riven to the 
difTerent deposits, whose relation to the European divisiona \s an follows: the 
Giaihornf Period corresponds t" tlie Lower llocono; the VickabsTg Period to 
the Upper Eocene ; and the Yarklount Period to the Miocene nod Pliocene. 
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The Ti:rtiary rocks are in general distinctly strati fiud,, and tbe 
strata are usually horizontal. But in. some eases, as at the Isle of 
"Wight and npon Martha's Vineyard, they are inclined at a large 
angle. 

The Tertiary rooks are mostly of mechanical origin : neverthe- 
less, several beds are the result of chemieal precipitation ; as 
gypsum, limestone, and rock salt. 

The varieties of rocks composing the Tertiirv strata are con- 
cretionary, tufaceoui, iigillaccous, and silicious , oi limestone, 
marl, plastn, clay, sihcious and calcareous sand's green sands, 
gypisum, lignite, rock salt, in 1 huhrstoiie 

2 AHuiivm 

Much cf this deposit consi^it"! of materials nhiih have resulted 
from the comminuting, rounding, and sorting action of water, 
and hence the name trom a/luiw, iti inundation, or alluo, to 
wash. 

Alluvium is divided litliologically into two sections ; Drift, and 
Modified Drift, or Alluvinm proper. Chronologically, it is divided 
into four periods : 1. The iJn/? Period; 2, The £each Period; 
3. The Terrace Period ; and 4. The Mistoric Period, or the pre- 
sent system of life and action. 

1. Drift. 
Owing to the diversity of opinion that has prevailed respecting 
the origin of this deposit, it has received various names, snch as 
diluvium, bowlder formation, erratic block ijrovp, etc. The term 
diluvium is objectionable, because it implies that its origin was the 
deluge, or some deluge, the very point to be proved. Diift is a 
better term, because short and free fi'om hypothetical allusions. 
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V2 EOCKINtiSTONKS. 

A bowldur is a loose block of itonc liirger than a pcbblo, and 
either rounded or angular. 

Drift ia a mixture of abraded materials — bowlders, gravel, and 
sand, blended confusedly together, and driven mechanically for- 
ward by Borae force behind. Yet in Bomo places there arc mailcs 
of stratification or lamination, as if water had been conccmeil in 
the work of deposition. 

Drift is distinguished from the Tertiary by lying always above 
it; and by the peculiarities of the organic remains; and from 
modified drift, by always lying beneath it, and being less com- 
ininQted, 

Modified drift is not only stratified and laminated, but sotted 
also ; the size of the fragments thus selected depending upon t]io 
force of tbe current that did the work. Di'ift is usually not 
sorted; sometimes it ia so in particular places. 

It is diffiouU to draw tlie predae line between drill and unmodiSed drift, 
because tliey blend into eaclj oUier. Modified drift is always stratiSed, wiiilo 
tlie drift is generally a lieterogeuoos mixture without arrangement, yet largo 
bowlders are sometimes imbedded in sand, as if there weic somelimcs a, cam- 
binatioa of fbrcea in accumulating the same pile. 

Tho bowlders so characteristic of drift are sometimes seen in- 
sulated upon other roeks, and so equally poised that a small force 
will make them oscillate, though weighing many tons. They are 
called Rocking Stones. 

Fig. 59 represents a roiJi n^ si ue Fall T r, llafsachusetts, poised upon 




Slany of the most valuable of the pieeinns stones and metals 
are fi>und in drift ; such as the diamond, the sapphii o, tho topaz, 
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MODIFIED DRIFT 




Platinum, gold and tlic diamoaj . 
in tLis formation. 



2. Alluvium Proper m Moljid D f 
Considered litiologically, Allai um embraces t 



Silic ous Marl or Iq n W 

tons of Infuso J. 
Eitui en 

Si]l['liat« of Lnne, 
lljdratc of lion. 
Bog Manganese. 
Chloride of Sodium {Sea Salt). 
Sandstones, Conglomerates, and 
Breccias. 

Soil is disintegrated and decomposed rock, with such a mixture 
if vegetable and animal matter that plante will grow in it. 

lis 1 

The vast accumulations of sand, the result of alliivial agencj-, 
jccur not merely in tlic bed of the ocean and in lates, but also 
ipon the <irv latid, wlirrc (lii'v mc called dunes or downs. Thess 



Soil. 
Clay. 

Sand. 
Peat. 

Marl. 
Calcareous Tufa, 

or Travertin. 
Corai Eecf. 
Silicious Sinter. 
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fire composed almost entirely of silica ; and being destitute of 
ot^niu luatter, can not sustain vegetation. 

Ptat, when perfectly formed, is destitute of a fibrous structure, 
and when wet is a liuo black mud ; and when di'y, a powder. It 
consists cbiedy of tlie decomposed organic matter called geine or 
Kumic acid, witli crenic and apocroiiic acids, phosphates, etc., part 
of which are soluble, and a part insoluble, in water. These de- 
posits of peat are sometimes 30 or 40 feet thick ; but they are 
not formed in tropica! climates on account of the too rapid de- 
composition of the organic matter. 

Alluvial marl is usually a fine powder, consisting of carbonate 
of lime, ciity, and soluble and insoluble geine ; and is found 
usually beneath peat in limestone countries; sometimes at the 
bottom of ponds. It is produced partly by the decay of shells of 
molluscous animals, and partly by the deposition of cirbocate of 
Jiuio from solution. It conljiins numerous small fresh water shells, 
and has bence received the name of shell marl. 

Other Unda of Marl — Several other subBtances, that contain no carbonate 
of lime, liavo oilen been denomin.ited marl, by ngriculturista, and not with- 
out reason; for tliey have produced effects aiialo^fous to calcartous marl. But 
it eeema very desirable tliat terms should not bo applied too loosely, and bb 
proposa the following doalgnations for tliese substances : 

Calcareous Marl: that which conlains carbonate of lime in any quantity. 

SiUcima Marl: tliat in which aliea predomiiiates, and no oaleareona mattsr 
is present. 

AtaminoiiS Marl: that in which clay predominates, and no calcareous mat- 
ter is present. 

GrecTisand Marl: that which contains greon=and, Tliis !s the Fubstance 
that has been of Into amployed with signal Euecesa tx'i a fertilizer of laud in 
Kew Jersey, Virginia, Delaware, etc. 

Calcareous (v/a or travertin is a deposit of carbonate of lime, 
made by springs containing t'lat substance iti solution. It forms 
a solid limestone, sometimes even crys-talline, and of consklerable 
extent, so as to be used for arehitectual purposes, Theiraal 
waters produce it most abundantly, as in central Fi'anee, Hungary, 
Tuscany, and Campagna di Roma ; but it is also deposited by 
springs of the ordinary temperature, as at Sarat(^ and in the 
Apennines. Travertin is also precipitaied by rivers, as in Tuscany, 

Very similar to travertin are the concretionary calcareous de- 
positifs formed in caves ; those depending from the roof, like icicles, 
are called stalactites, and those on the floor, sfalafftnites. Often a 
stalactite and a stalagmits unite and form a column. 
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ALLUVIAL DEPOSITS. 75 

Coral reefs are extensive deposits of carbonate of lime, etc., 
formed by myriads of coral animals in aballow water, iti tropical 
seas. They form tLe habitations of tlieso animals, auJ of course 
are organic in their structure. 

SUicioas ainter, or iufa, is a deposit of silicaj raa&a by water of thermal 
spring'), which sonietimea hold tliat earili in solution. Suecesave Jayera of 
sinter and ciay frequently oceur, and these ore sonielJmes broken up aud ro- 
ceniented so B3 to tbrm a breccia. 

Silicious marl, or the Jossit ahitlds of microscopic plaids and animals. Bo- 
nea' h tlie beds of peat and mud in the primary regions of this country, a 
depisit often occurs from a few inthea to BereraJ feet thick, wliioh almost 
ci^actly resembles the calcareous marl that is found in tbe same situation. 
When pare, it is white and nearly as light as tiio carbonate of magnesia; but 
it is usually more or le;s mixed with clay. It is iiiuiid by analysis to be 
iieirly pure ffllioa ; and it turns out to l>e almost entirely composed of sili- 
_■ — ...-ii- _j, giigigtoQa^ of tboao microscopic animals called infitsor'- — 



of plants which have lived and died in counUeas numbers in 


the poiiiils at 


the bottom of which this 


substance has been depoated. 




Some sprinjp product 


i lai^e quantities of bilumen in the foi 


rm of naplha 


ana iisphaltum. 






Although nt^fiote of lime very generally exists in the wate 


rs of springs. 


yet it is rarely deposited. 


One or two exarank-s only arc meat 




a aepoait of this salt has been made ; as ai the baths of San 


PhiUppo, m 


France. 







27i.e ITijdTated peroxide of iron or hog ore i 
abundant deposit fi'om waters that are capable of holding it in 
solution ; and it appears, also, that tliis ore is often made of the 
shields of infusoria, wliich are often ferruginous. 

Chloride of Sodium, or rock salt, is sometimes deposited in 
inland seas or salt water lagoons. The salt is precipitated only 
when the water is completely satiH'ated ; or in small lagoons, the 
water might be evaporated, leaving the salt behind. 

The waters of Lake Elton, in Asiatic Russia, and of other lakes 
adjoining the Caspian Sea, have deposited thick beds of rock salt 
at their bottom. The same is true of Lake Indersk, on the steppes 
of Siberia ; of Lake Bakr Amal, in Ethiopia ; in Patagonia ; and 
in a lagoon adjoining Lake Oroomiali, in Persia, The bottom is 
covered by an incrustation of salt from three to five inches thick. 

Alluvial sandstone, conglomerate, and breccia, are formed by the 
cementation of sand, rounded pebbles, or angular fragments, by 
iron, or carbonate of lime, which is infiltrated through the mass 
in a state of solution. They are not very common, nor on a very 
extended scale. 

Thickaos of Strata. — If all the stratified rocks have been 
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deposited from water,iis we suppose, tlie layers must Larel)een origi- 
nally nearly liorizontal. Eocks are not usually incHneil more than 
ten degrees by original deposition, but there may be cases where the 
angle would be as large as 25° or 30° over limited areas. Ilenco 
if we get the perpeuUieular thickness of a series of strata we 
ascertain tho character of the crust of tbe globe to that depth, 

Jf we measure the breadth of a series of upturned strata, on a l[ne at right 
f.nglea lo their strike, atid ascertain their dip, we have given tii« hypotljcniiHe 
fiiid angla) of a rightaiigled triangle lo find the penjendioular, whielt Is tlio 
tiiif'knesa of tlie strata. If the strata are perpeudiculur, a horizontal liuo 
across their edges gives their thickness. 

In calculating the thickness of rocks in any given district, we 
must bo careful not to measure the same strata more tban once. 
For when strata are folded over, the upper beds will be folded 
beneath the lower and dip at the same angle. Especially if the 
crest of the fold has been denuded is there danger of mistake. 
"Without regard to this principle, most enormotis thicknesses might 
bo calculated. 

By measurements and calculations of this sort, it has been ascer- 
tained that the total thickness of the fossiliferous strata in Europe 
is not less than 15 miles. In this country, as has been already 
shown, the total thickness of the fossiliferous strata is nearly ten 
.miles. 

We see from these statements how groundless isfhe opinion, that 
geologists are able to ascertain the structure of the earth only to 
the depth that escavations have been made, which is less than a 
mile ; especially when we recollect that the unstratified rocks are 
unitbrmly found beneath the stratified ; and since their igneous or 
aqueo-igneous origin is now generally admitted, it can hardly be 
doubted that tliey came from very great depths ; so that probably 
the essential composition of the globe is known almost to its 
center. 

UJfSTKATIFIBD OE IGNEOUS BOCKS. 

The differences among the unstratified rocks result from two 
causes. 1. A diSereuce in chemical composition, 2, The diversity 
of circumstances under which they were produced. 

All the varieties of these rocks pass into one another by insen- 
sible gradations, even in the same mountain mass ; giving rise to 
endless varieties, which can not bo described minutely in a treatise 
like the present. 
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The two predominant aud cliaracteristic minerals in the un- 
stratifled rocka are feldspar a^id pyroxene, or liorublcnde. 

al constitution, 

It is now agreed araoiig geologists, tliat the unstratified rocks 
liavo resulted from the action of heat, either as dry heat or from 
aqueo-igncous fusion. Hence the best writers denominate them 
Igncoua Rocks, and divide them, as in our classification in Section 
1., into three groups : 1, Granitic; 2. Trappean ; 3. Volcanic. 

The following tablo ahowa to what divisions tho di^rent igneous rocliH 





GR4SITIC 


Rocks. 


Quarls, fildspar, and m; 


id, or hoTtAlendi, etc Quarts and feldspar. 


Granite. Tabular graniti 


3. Pegmatite. 


Syenite. Concretionary 


granite. Eurite. 


Protogine. 








TBAPPEiK BOCKS. 






Feldspar and hornblende, de. 


Porpliyrv. 




Greenstone or Diorite. 


Felstone. 




Melaphyre. 


Pilchstone. 




Andesite. 


(Jlinkatone. 




Ilypurathcne rock. 


Homslona. 




Honiblande rock, ett. 










VOLCANK 


\ Rocks, 


Essential^ feUspaihi 




.KMspor a-nd, aagite. 


TracLylfi. 




Basalt or Dolerite. 


Trachytic porphyry. 


Amygdaloid. 


Domil«. 




Puperino. 


Pearlstone. 






Obsidian. 







Tuff. 

The melted matter that is ejected from a volcano, o 
within it, is called lava. Hence it is not improper to apply the 
term t« any rock that is proved to have been in a melted state. 
But it ia usual to confine it to the more modern unstratified rocks, 
such as have been ejected from a crater. 

Lava cooled rapidly, and not under pressnre, forms glas,", or 
scoria ; but cooled slowly, and under pressure, it becomes some- 
times crystalline. Now the older unstratified rocks, such as 
granite, syenite, porphyry, and greenstone, are more or less crj-- 
Rtallino ; whereas basalt, traclivte, and other igneous rocks are 
compact or cellular. Hence it ia inferred, that the first were 
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18 GRANITICEOCKS. 

cooled under a vast pressure of ttio ocean and its subjacent beds ; 
and beiicc tbey are called plutonk rocks ; wbereas tlic latter are 
denominated volcanic rocks. 

There is stroug reason to believe that in some instances, as in 
Saxony, and iu Sutberlandsbire, and Anan in Scotland, granitu Las 
been protruded tbrough tbe sti-ala after it became solid. Solid 
basalt was protruded in a similar manner, according to Von Eucb, 
in the year 1820, in tbe island of Banda, in great quantities. 

The meet important of the nnatratified rocks wiil now bo deHOiibed in the 
order of our elaaaifleatioo, as nearly ehronolt^oaliy (beginning nitli the 
oldest), as the present state of knowledge wiil admit. 
I. GRAsmC ROCKS, 

Tlie essential ingredients of granite are quartz, feldspar, and 
mica. Its prevailing colors are wbite and flesb-colored. In eome 
cases tbe materials are very coarse, tbe crystalline fragments being 
a foot or more in diameter. In olber cases, tbey are so fine as to 
be scarcely visible to the naked eye; and between these cxti'emos 
there exists an almost infinite vaiiety. Tbe flne-griiincd varieties 
are best for economical uses ; but tbe coarser varieties abound 
most in interesting simple miuerala. 

Varieties. Graphic granite or Fegmaiite, is compoBed of quartz and feld- 
spar, in which the former has an arrangement whit'h makes the surEiee of tho 
rook exhibit the uppsardnco of letters, as in Fig. 60. 



M 



1 



I 
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"WTien grantta coQlaiDs diatinut crystals of feldspar, as in Fig. 6 
called porjjAjfTJiic graaite "Wllfti the ingtcd' nts am blended into ; 
widi imbedded ciyitala ol quarU and mica a has bee: 




I&tidar «■ regnlorls^oinfet! gronite n di=t nguiShed by 11 e regularity of its 
Ibrms, whicl resul from two cauap«, jo its ani mtorstrat lieatroa nith slates. 
The granite s cUv ded nto larRe tables and pnsmfioC v no forma end Mzee, 
as in Fig 62. \. o reraarln le yar ty of gran t« )a the cOTtarelionary. 




It is a fine-prameil white grnnitp, ootitaininfr black mica, li-hich oflen is a:^- 
glomerr>ted into spliprical or clongJited nodulea, from half an iiicli to Cva 
tocher in Jen^h. The larger ones have their lonjier axes parallel Fig. 03 
teprcsenta Ihe.w nodulea Some of tliem eo miioli resemhls oneof our com- 
mon nuts, as to hara reeeWed tlis name of pefrjflai JiiSerauia Tiio host 
locality of tliis variety is in Craftsbnry, Vermont. 
There may ha subdivisious of all these vurielies into others, which hivo 
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a jet receirei disUnct names, accorcling- to the particufer species of feldspar 
liea present. Thus, granite may eonlom iitlier orthoclase, albile, labra- 
te, etc., as ita feliispar, and eitlicr mustoTite, biotile, or phlt^pite, for 




i spar q srtz. 



le hand, and 



&J Sve tP IB] o ] c Tit ill o 1 

and bortible le the first jredora nat n^ \^ h 
pre ent the compound s frequentlT deno ti natc 1 > 
Syenite may be found passing into f,ranite on the 
into the trap (amily, on the other. 

Conghmsrate syenite is common syenite containing niimeroiis ronnded and 
angular pebbles of other rocks. Tliis is an important variety to be exammcd 
in the study of the origin of those rocks. 

Wben it was ascertained that the Etmrais mek ftom Syene, in Upper Egypt, 
(^ mnch emplr^ed in ancient monanients), from wliicb the name of syeuito 
■was dcriTed, was notbiog but granite with bLidc mica, and also that Mount 
Sinai in AraUa was composed ofgenuino syenite, a Frmch geologist propofed 
to snljsHtute Sinajfe for syenite : but tbe snggestion, which was certainly a 
good tme, has not been ad(^ted. 

Most of the syenite so liimous in New L^gland for architectural purpose^ 
as that jrom Quincy and Cape Ann, is composed of l^dspar, quartz, and horn- 
blende, the lutter frt^uently disappearing. 
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3. Protogine. 

Protogine, called also (alcose gmiiitc, is a mixture of quartz, 
feldspar, and talc. In Europe it abnunils among the Alps, and in 
Cornwall, in England, In tliis couatE-y it occurs among tlio Lau- 
rentian rocks of New York, and in the metamorphic granite of 
Devonian age in New England. 

II. TRAPPEAN E0CK9, 

4, Porphyry. 

Rocks with a homogeneona, compact, or cartliy base, tlirough 
which are disseminated crystalline masses of some other mineral 
of contemporaneous origin with the base, are denominated por- 
phyry. True classical porphyiy, snch as was most connnonly em- 
ployed by the ancients, has a base of compact feldspar, with im- 
bedded crystals of feldspar. 

Fig. 64 was copied from a pabbia corresponding to tlie beautiful green 
porpliyij of tlie ancients, fuund on tlie beacli iu Seituute, il.iasiioLiiaetts. 




When the base is ^r^en'it ne, pvt^hstone traLhytn or basalt, tho porphyry 
i^ s^ to b green'iWn por{.liTi ).itU "tone pnijhjrv, trachytie porpliyry, 
and baaaJtio porpi viy T&a base is sonii-t[ nes clink tone, and the imbedded 
crystals may be lei ispar ai gite, olivme, etc 

Hence the term porphyry designates only a certain form of 
rock, but does not lefer it -iny pavfic ilir kind. When porphyry 
is spoken of jn general terms, however, feldspar porphyry is usually 
meant. 

Tlio name porphyry signifies purple, cop&vpn, sucli having been the most 
usual color of the ancient porphyries: biil this rock exliibils almost every 
variety of <olor. It is tho hardest of all the rocka and when polished, is 
probably the most enduring. 

Compact feldspar, or Fcktime sometimes called petr^isilac, is a hard com- 
pact atone of various colors; fusible be lore tiio onminnn blowpipe, and often 
translucent on tlio edgf-s like homston^. lis p-cdoniinant ingi'odieiit appears 
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to be feldapar, {diTiksloneorph(molile;)or&BslspelrosiU:c, a greenish or grayish 
rock, dividing inki slabs or columtiB, riogini; under tlie hammer, and appir- 
entlj a viiriely of compact foldspar. Mimstone is a compact mineral, otteo 
translucent like a hom; of various oolora; in haL^dness and Iraeture approadi- 
ing flint; iiiftiaLble before tlio blow pipe; and heoce composed chiefly of 
silica. Comean is between liornstone and compact feldspar, compact and 
homogeneous; supposed to conwst of feldspar, quartz, and hornblende. All 
tiiese Bubataneea form the basis of porphyry ; and hence we have clinkalona 
porphyry, homBtjmo porphyry, etc. When blacli augiio foi-ms tha base of 
porphyiy, it ia called melaphyre. 

5, Greenstone. 

Several imstratified rocks, whose principal ingredients are feldspar 
and horcblendo or augite, are called Trap Jiocl:s,{rom the Swedish 
word trappa, a stair; because tliey are often arranged in the form 
of stairs or steps. 

Although the term trap is loosely applied, moat writers limit it to the var- 
ieties of rook called greenstone, syenitio greenstone, baaall, compact feldspar, 
chckstone, pitchstono, wacke, ainygdaloii^ augita rock, hyperstliene rock, trap 
porphyry, pilchstone porphyry, and tufit Macculloch includes elayslone and 
syenite. 

Greenstone, or diorite, is ordinarily composed of hornblende and 
feldspar, orthoclase and albite, both compact and common, the 
former in the greatest quantity. 

Dr. Macculloch calls those varielJes of greenstone which have a green color, 
aagUe rocks ; because augite is Ihe predominant ingredient. When hypers- 
thene takes the place of hornblende, he calls the compound hypersihene rock. 
"When greenstone ia <«mposed almost entirely of honiblende, the rock is 
denominated horsUende roch. When the gr^ns of feldspar and liomblende 
are quite coarse, it is called syeidlic gfeeasimK, which often taltes quartz into 
its compofrition, and passes into grille. All the above rocks are frequently 
porphyritic ; and hence we have an^tjc, or pyrosenic porpJiyry. dioritio por- 
phyry, elc. Ev^lioHde, is a rock composed of compact feldspar and diall^a. 

III. VOLCANIC BOCKS. 
6. Basalt, or Doleritc. 
This rock appears to bo composed of augite, feldspar, (labra- 
dorite), a;id titaniferous iron ; and sometimes olivine in distinct 
grains. Its color is black, bluish, or grayish ; and its texture com- 
pact and uniform ; more so than greenstone. Augite is the pre- 
dominant ingredient. 

It is probable that most of tlie trap roclts of our Atlantic Slates are green- 
stones or diorites. Many of them have an impalpable texture like basalt ; 
and chemical analysis alone can decide their composition in such citaes. 
Probably the trap-rocks of the Eocky Mountains are basalt, and as recent as 
tlio basalt of Europe. 

7. Amygdaloid. 
This term, lite porphyry, is not confined to any one sort of 
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^^ct, but indicates a certain form, which extends througli all the 
trap family. Amygdaloid abounds in renndcd cavities, like tlio 
Bcorise and pumice of modern lavas, and these are often filled 
with calcite) quartz, cbalcedony, zeolites, and other minerals, which 
have takan the sha[>e of tho cavity ; so that the rock appears as if 
filled with almonds, and hence tlic name from the Latin, amygdala, 
an almond. These cavities, however, have sometidses been length- 
ened by the flowing of the matter, while melted, so that cylinders 
are found several inches long, "When they are not filled, Uie rock 
is fiaid to be vesicular. 

i partly amyg- 




A soft variety oE trap riyk emh d udu aled av laoall Auacke, wliich 
may or may not be reaicul 1 om t ese b n h d. probably, it 

is called lu Derbysbire, tojd 

8 1 alye 
Trachyte is itf a ^^l t h or gta sh olo ally ] orphyritio 

ly feldspar crystals a d es en allv co po 1 of glaf*. feldspar, 
w th BO c Lor blonde ca t a fe o s ron a I oractimes 
a gte Its ia le s le \ i-o tl o Or ek po-X^t roufih, 
fro ts 1 J shncss to tl e tou 1 It s t ^b«nda t ] roduct of 
volca cato IrL,tl U prid and us a 1 ppears to 

he ol ler thi b s It It! o 1 Iracl . t 1 is 1 -i co tinned to 
be ejucted down to the present day. Trachyte occuio in Auvergne 
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and Unngttry, and in VRst quantities in Soiitli America. Tt coti- 
stitutes the loftiest summits of tlie Cordilleras. 

Tradiyta in an earthy comlitioii, 33 it Occurs in the I'ays i\e Dome, in 
Aiivergne, ia called liomife. Trachyte is uauallj porphyi'itio, aud hence we 
have Irachi/lie porphyry. 

9, Lava. 

Lava, as remarted in nnother place, embraces all the melted 
matter ejected from volcanos ; and the two mineral^ feldspar 
and atigitc, constitute almost tlie entire mass of these products. 
When the fonner predominates, light-colored lavas are the result, 
when the latter, the dark vaneties. T!io former are called feld- 
spathic or trachyfic, and the latter, augilic or basaltic lavas. 

Olher simpla raioerals occur in Java. Thna, in llie product of Tesuvius 
alone, not leas than 100 species hove been detected; but tliey form so incon- 
siderable a part of tlie wliola mass, as act to deserve consideration in a gen- 
eral view like the present. 

T^-achytic lava corresponds in moat of its characters to the 
trachjii of tlie older igneons rocks. When cooled under pres- 
sure, solid rock results; but when cooled in the air, it is porous, 
fibrous, and Itglit enough to swim on water, as is the case with 
pumici', iarge masses of ■which are found sometimes in tiie midst 
of the ocean. Sometimes it is porphyritic, like the older tra^ 
chytes. 

In like manner the basaltic or augitic lavas exceedingly resem- 
ble the more ancient basalt ; and are, in 6ict, the same thing, pro- 
duced under circumstances a little diffei'ont. When cooled nndcr 
pressure, compact basalt is the result ; but cooled in the open air, 
they are scoriaceous or vesicular, and are usually called scoriffl. 



Vilreovs lava has a fracture like glass. Obsidiim seoms lobe merely melted 
glass. PHthslone ia less glassy, with an aspect more like pitch. It is usually 
composed of feldspar and augiCe, aud often passes into basalt. Its composi- 
tioti however va les. 

The small ingulir fragments and dutt of pumice, (which Is 
vesiculai trachyth- laia) ind of scon* (nhich is vcsiciilir basaltic 
lava), which ire produced by an erupt on filling into the soa, or 
on diy land, and mix ng with sand gravel shells, etc and hard- 
ened by the ii Hit rition of enrlointe of hme or oth r cement, 
constitute the substinie denom u tttd ' /" oi ' /« '\\Tieii this 
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tock occurs with trap, it is called trap tuff ; and when with 
modern lava, volcanic tuff. If it contains large and angular frag- 
ments, it )8 called volcanic breccia. When the fragments arc much 
rolled, the rock is a tuf<Keous eonfflomerale. The haeallic tuffs are 
denominated by the Italian geologists, ^pw/Mo, A kind of mud 
is poured out of some volcanic craters, which forma wiiat is called 

Somctimoa, cspecinlly Et tlie great volcano of Eilama, on the Sandwich 
Tslaods, wheu lava is thrown into the air, the wind spins \l out into threads, 
resembling Uax, and drives it against lie sides ol' the crater. Tiiis is calied 
vokaiaic glass; and by the natives of Sandwich Islands.. -Pete's hair; Pels 
having formerly been regarded as the presiding divinity of Uie voicano of 
Eilauea. 

Other substances ejected from volcanos arc fr^menta of granite 
and other rocks, scarcely altered ; cinders and ashea of various 
degrees of finenees, which are sometimes converted into mud by 
the water tliat accompanies them ; also sulphur in a pure state ; 
various salts and acids; and several gases, among which are the 
hydrochloric, sulphurous, and sulphuric acids ; alum, gypsum, 
sulphates of iron and magnesia, chlorides of sodium and potassium, 
of iron, copper, and cobalt ; chlorine, nitrogen, sulphuretted 
hydrogen, etc. 

Prismatic or Columnar Structure. — One of the most remark- 
able characteristics of the trap rocks is their columnar structure. 
Th on ts in the occasional division of their substance into 
r gula pnsms, with sides varying in number from three to eight, 
u uall fi o or six, whose length is sometimes several hundred 
ft T! y are often jointed, that is, divided crosswise into blocks 
f n ou to several feet in length, whoso extremities are more or 
1 n or concave, the one fitting into the other. Frequently 

these columns stand nearly perpendicular, and when worn away on 
the side they present naked walls, which appear like the work of art. 
They stand bo closely compacted together, that though perfcctjy 
separable, there is no perceptible space between them. The 
diameter of the colnma varies from a few inches to more than five 
feet 

The columnar and trapposo forms of basalt ind greenitone have produced 
some of the most remurkablo scenery on the f-lobe Fingal's Cave, m llie 
island of StafTa, {one of the Western Islands of Scotland,) and the Giant's 
Causeway, in tha north of Ireland, arc nlmovt too well known to need de- 
BolipliOQ. Slaffa is composed enlirely oriiiisalt, n'ith a (hin soil, and its shores 
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COLUMNAR 



are lor tlie most part a steop cliff, TO feet high, formed ot oolumna- Tlie bavft 
is a chasm (m those columns), 42 feet widev aud 221 feet long, liitmed by the 
action of the wavta Tie following sketch, 1%, 66, will convey an idea of 
the dtuation of ttia cave and of the general Btruclure of tlie islaud. 

The Giant's CausBway consii^ of an irregular group of penlagonul eolumnfi, 
from one to (lie feet Ihi k and from £0 lo 200 feet higb, jointed as usual, 
"ft here tlie eea hai had access to tlie-o, their upper pbriions are worn away, 
wlule tl e lower pirt rwnama e-vtendiag aa unki own diElance beneath the 
wives,aid seeming tlio nin uf lomB ancient -nork of nit, (oo mighty lor 
n ■in, and therefore refin'ed to iho guuts Hert aleo is a cave of cousidera- 
Llecit/nt 
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riif, 68 rfpresenta an orerlianging groap of greeastono columns, at Mt. 
IJolj'uke, in MassQcliugef.ta, wbiah ia calltd 'iitHn'a Piuii^. Tho lower end of 
t'.ie eoiiinjDs, sevenj rnws of which project over thu obseiyer's head, are cx- 
folijtjfl in EUiJi a Qiuimer aa to prtSBiit u cuuvtx and kvl'u altenualed surikco 
dowuwaiiia. 




Fig. 6S allows a mass of trap columns on Hia north gliora of Lake Suporlor. 



^lii 



'j/lfS^i ,^^^ 



mtUi: Cbl^inms. I^ik 
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When a trap rein, or djke, ia coiumnfu-, tbecolumna often ILo horizontal, or 
rather porpendioular to tlie sides of tha voiii ; and ilius is produced a wall of 
stones regularly HtKd to ono another and laid up, apparenUj by man ; wdile 
often a decoinposilion of ilie surfaces of the blocks producsa a powder re- 
Bembling disiniexrated mortar. Sueli a wall occurs iu Kowan count;', Kortli 
Carolina, Fig. 70 shows a similar example on Lake Superior. 



Fig. TO. 
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Greenstone colum a are q te comn on Q tiorth America, e ther standing 
upr gl t or lean ng a fo legrees The Palisadoes po the IIudsoD r er a 1 
columns upon Penobscot nver, m Mwne, and others at litaa Pier, near Mt. 
Holyoke, on Connecticut river, are well-known examples in the eastern part 
of the continent. Bat the roost ext«nBive dovelopment of them ia in Oregon 
and Washington Territories, especially upon Columbia river. The banks are 
from 400 to 1000 feet high, nnd are made up of columns of trap or basalt in 
successive rows, superimposed upon one aootlior, anil iieparal<;d by a lew feet 
of amygdaloid, CQnglomerato, and breccia. 

We suppose that the colaninar stractuve of trap rooks has ro- 
snlted from a sort of crystallization, while they were cooling under 
pressure from a melted 8tal«, for two reasons : I'irst, Precisely 
similar columns are found in recent lavas ; and secondly, f;oni ex- 
periment. Mr. Gregory Watt melted 100 poniids of basalt, and 
caused it to cool slowlr, when globular masses wore formed, which 
cnlai^ed and prcMetl agwnst one another until regular columns 
were thu result. 

Magnetism of Jiocis. — Many nostratified and raetamoi-phic 
rocka sensibly affect a nir^net. When there is a large amount of 
raagnetic iron present, the magnetic needle is affected at a con- 
sidurable distance from the ledge. But there arc many cases 
where the magnetizov is present in such small quantities, as to be 
unappreciated by the needle, except when placed in immediate 
proximity to the rock. 
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Earon Iluiiiboldt first pointed out the magnetism of rocks, in a 
Lill of serpentine, wliich he supposed to have only two poles, that is, 
to constitute one magnet. In 1815, Dr. John MacCulloch described 
a similar character in such rocks as granite, porphyry, syenite, 
serpentine, several kinds of slates, and especially of trap. Ho 
discovered that several magnets existed in the saoio mass of rocks. 

We have found remarkable examples of the same kind, and 
some others still more complex, upon the trap rocks of New 
England. Upon examining a continuous surface, at certdn locali- 
ties, of only a few square feet, we frequently find several distinct 
magnetic poles, either north or south, and sometimes both, within 
a feviT feet or inches of each other. This fact is discovered by 
moving a pocket-compass over the surface. Wherever a pole 
exista, the opposite pole of the needle will point to it, as the com- 
pass is moved about. Fig, Tl ^presents a surface where these 
difici-ent poles were found. ITie nature of the f ole is indicated 
" e words N. Pole and S. Pole. The size of the area shown 
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Another remarkable fact is shown upon the figure. Dotted 
lines arc seen connecting some of these polos, along which the 
needle continues reversed, just as it does at their extremities, or 
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when it appi'oacbea an i:ioliittU pole; the north end of the needle 
pointing to tlie pole if it be a &outli one, and the south end doing 
the same if it be a north one. In olLer words, along these dotted 
lines there appeaiis to be an infinite number of poles, wliitli are 
called Lines of Polarity. They ara caaiiy traced out Ly moving 
the compass over tUe surface. 

Hand apecimena of lava from Mts. Etna and Vesuvius, and of obFidian, 
froie Ml- Ararat, in our possession, allow magnetism and polarily. Observtia 
bave nowd tlio faioa upon the laia of lit Ararat, 1,280 Itet above Ike oociiii. 
Hisclioli; in his " Chimioal and Plijaicai GeoloKy," has pointed out a largj 
number of eases; but nowliore, savo in the eases tliut liaye lallcn under our 
owa obssrvaL'ou, iiavd we sstn desoribod tlie plieiiomeua of oppijsito puka 
in close proximity, aud of lines ol' polea. 

Theoretical Suffffeslions. — Tlio existence of magnetic iron ore 
in so many rocks, and the feet that it often possesses polarity, 
leads naturally to the conclusion that this must bo the cause of 
the magnetism and polarity of roik, and probably it is so. Yet 
some of the phenomena seem not fully explained on tLis supposi- 
tion. Bischoff says, tbfit in basalt " the magnetic polarity bears 
no definite proportion to tbe density of the rock, and consequently 
to the greater or less amount of magnetic ii'on ore, or hornblende ; 
and fui'tiiei', that when the surface of tbe rock is decomposed, 
and the magnetic iron ore converted into hydrated peroxide of 
iion, the magnetic action of the rock is not weakened," although 
the peroxide is not m^netic. Nor docs this explanation account 
for the production of opposite poles on tbe same surface, confusedly 
mixed together ; nor for lines of polai ity, extending over many 
feet of surface. But if the phenomena are not produced by mag- 
netic iron ore, we have no theory to offer. 

Rrlative Age of the Unstratificd Rocks. — In tbe stratified fos- 
sili.'erous roclis the relative age of the different groups is deter- 
mined by their position ; tbat is, the old<'8t are at the bottom, and 
the newest at the top ; unless we can prove disturbance and 
inveraion subsequent to their original formation. It has bef'u 
usual to regai'd the unstratified rocks as lying m a reverse order; 
that is, the highest is tlie oldest, and they become newer as we i;o 
downward. This is undoubtedly true, if we suppose these ro;ks 
to be the result of melted matter, wbifh has continued to cool 
deeper and deeper, so as to form a thii^ker ci'nst, and pome of 
which has been thrust up through the fissures in the stratified 
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AGE OF UX STII ATIriED E0CK3 01 

roots, Tho particular geological period iviion an uiistratinod 
rock has been tlius pushed iipwaid, can be known by finding how 
high it has machut! among tiie strata. Hence, Sir Charles Lycll 
has divided tho unstratiflod rocks into the Primary Plutonic, a, a, 
Fig. 72, the Secondary Plutonic, ?i, b, tho Tertiary Plulonte, c, c, 
and the Recent Plutomc, d, d, accoi'ding to the period in which 
they have bceu erupted. But in fact wc do Bot find that particu- 
lar igneous rocks were produced only during particular fossiliferoua 
periods ; for most of them have boon fomicd during nearly ali 
these periods. The Graiiilic rocka, bowovcr, wore most abundant 
during the older periods, but tiioy Iiave been found high in tho 
tertiary, a& in Catalonia ; but lava is still pourc<l out so as to 
cover alluvium. The crystalline unstratified rocks were most 
abundantly produced in the enrlier periods ; while the trappean 
and volcanic varieties haveb>;e:i most abundant at later periods. 



Fig. T3. 




.y Google 



92 OBIOIN OP UNSTR ATIFIED EOCKS. 

Fig. 86, aa weli as the above, ia intended to show the relative 
age of the igneous rocks ; Granite, anJ Syenite aie marked as tlie 
oldest ; next Porphyry and Trap ; next the Volcanic. But tlio 
supposition on wliicli this order is made out, that all unstratified 
rocks arc melted matter ejected from the interior of the globe, is 
probably not true. No small part of them are probably meta- 
inorpboaed stratified rocks, aa we shall endeavor to show in our 
Section on Metamorphism. As to the age of such, it can be de- 
termined only when wo can fix upon the period of the metamor- 
phism; as we often can witt much probability. But mere 
position will not determine the age. 

Origin of the different varieties of Unstratified JRocJcs, — If the 
unstratified rocks were all derived from tho same melted mass in the 
earth's interior, we should suppose they would not differ from one 
another at any period of tl r trupt on B t n fact, they d so 
differ aa to show, first, that tl e n^re 1 e ts fron h eh they were 
derived were different ; i 1 seco dly tl it the c eu stances 
under which they were for 1 as to ten perature f on and 
pi'essure, were different Tl e folio g a rag 1 s of 

orthoclase granite, greensto e, (feldspar and homtif le), <ind 
doleritic lava from Etna, will give an idea of the different chemi- 
cal composition of the granite and more recent igneous rocks. 

GrardU. Greenstone. Lava. 



Oxide of Iron, 

Oxide of Manganese, . 0.12 0.11 0.u4 

Hjdrofl lorie Acid 21 "S 

It will Ll seen th'^t sih a was more abundant m the granite 
th'm in the liter rocks, and that tho lime migncsia and iron 
Here in much greater qaintity in the litter thin the former 
Ihe consequence i" thit the sih^'ates of !ime magnesii and iron 
exist lirgely m the tnppean and vole am rock= lut scarcely at 
lit m the granitie Now these silicites act as fluxes, and hence 
the later rocks ire much more fusible than the eranitrc Indeed 
the htor ire almost mftisible and would requue a much liigher 
temperature or rather i more complete solution eith r s ply 
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COMPOSITIONOPKOCKS 93 

igneous or aqneo-ignoous to form tbcni, than tlie traps or tlie 
lavas. Hence tiie latter might bo piocluccd iu such a state of a 
mensti'unm as would not produce granite, even though all llio 
essential ingredients were present. And tliat state of the men- 
struum in which granite would form, might prevent that play of 
affinities requisite to produce the trappeaii and volcanic products. 
In this way we might show, both how all the varieties of unstrati- 
fied rocks might be produced from the same fluid mass, and how 
one period might be more favorable to the formation of the 
granites, another to the traps, and another to the lavas. Still we 
incline to the opinion that in very many instances the vaiieties of 
unstratified rocks have resulted from the metamorpliism of differ- 
ent kinds of stratified rocts. 
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04 EDASOSflJSG FEOM AXALOOY. 

Chemical Gomposiiwn of the Rocks, — It Is only quite recfinUy (18C0), lliat 
we have had many reiiablo aiialysus <jf tlie rocks, and even now tho taljle 
■wliiiili wo prKseiil is not complgte. But tlio subject liaa become one of gn.'at 
intei'cst, L'sp>.'uiulij iu its buuriugs upon metuuiurphism, wliicb is tiow u most 
import.iui pai tot' ilia ack'Nte. ilie aualjafsin tLe followiiii{ table have been 
durivi^il i-liletly iroiu biseliC&'a CUumlCul Ueclogy, tLougb Bomu liavo been tukcn 
iroia Americau analjsta. 

The columa of speciliu gravitios bas been added cliiclly to enable any one 
to delerniine the weight ot rooks, a jirobloni which every uuo hus oIUu occa- 
ijion to Eolro. Tho spcdfic gravity Ehows ub liow mucii heavier a given 
quantity, say a cubia tool, of Iho rock is than the same quantity of distilled 
water. Sow since a culiie foot of water weighs 1000 oudcps SToirdupoia, 
multiplj' the number of cubic feet in the mass, whoso weight you seek, and 
this product by the speciSo gmviCy, scd you will obtain the we^ht in ooucea, 
which divided by 16 will gifs it in pounds. Thus, suppose a mass of Green- 
stone measures 20 cabio feel, tlien SO x lOOO x 2.35'ht<!=35e2.5 pounds. 

This table ni^^lit perliaps more Iq^ically have been placed at the end ot 
8i>ct:oii II. ; but there is an advantage in knowing sometli in;; abuul the cliar- 
actLTs of llio rocks before atudjing tiieir chemical coicpoatioo. 



SECTION" lY. 



The basis of nearly all correct reasoning in geology, is tlie 
analogy between the phenomena of nature in all periods of the 
world's histoi*y: in otliur words, similar effects are supposed to bo 
the result of similar causes at all times. 

This principle is founded oii a belief in tho constancy of nature ; 
or that natural operations are the result of only one general sys- 
tem, which is regulated by invariable laws. Every other branch 
of physical science, equally with geology, dcpCTids upon tliis prin- 
ciple ; and if it be given up, all reasoning iu respect to past 
natural phenomena is at an end. 

It does not follow from this principle that the causes of fteolt^cal change 
linve always operated with equal iiilenaity, nor with entire uoifi>rmity. How 
(Treat baa been the irreeularity of their action is a subject of debate among 
gcoJoEista 

It is important to sRcerlain the true rf!/nomi(;s of existing eauwa of geolopi- 
cal change ; that is, tlio amount of iJiange wliicli they are now produciiiK. 
For until this is done, we can not determine whether thope causes are suffi- 
cient to account lor all the changes which tlie earth has undergone. 

The elements of these atmospheric and aqueous agencies are 
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heat-, cold, and water in its manifold states, liquid, vapnrons, and 
solid. Ill tlicir action they may be combined, ov act separately. 
The atmospheric j^encics are oxygen, nitrogen, carbonic acid, 
vapor, and winda. The aqueous agencies arc frost, snow, ice, 
glaciers, icebergs, springs, rivei'S, lakes and oceans. Wo sbail not 
attempt to dfsignato t!ie separate action cf thtse agents, but 
merely point out tlieir most important combined effects. 

Ail tliese agencies, where tliey act mechanically, remove mate- 
rials from higher to lower levels. Moimtains diminish in size, 
valleys receive accumulations, bat only to assist the fragments in 
their progress towards the ocean. Thus the general tendency is 
to transport the continents into the ocean. 

Bismtegration of Rocks. — -'Water acts upon rocks and soils 
both eheniiealJy and mechanically ; chemically, it dissolves some of 
tlie substances which they contain, and thus rendei's the mass loose 
and porous ; mechanically, it gets between the paiticles and forces 
them asunder; so that they arc move easily worn away when a 
current passes over them. Congelation atill more effectually sepa- 
rates the fragments and grains, and thus renders rt easy for rains 
and gravity to remove them to a tower level. In a single year 
the influence of these causes may be feeble ; but as they are re- 
peated from year to year, they become, in fact, some of the most 
powerful i^encics in operation to level the surface of continents. 

As rain in falling through tbe air absorbs carbonic acid, it acts 
with greater energy in the decomposition of rocks, especially those 
which are calcareous. It also penetrates into their pores and 
crevices, and initiates tlie process of metamorphiam, by changing 
the mineral structure of rocks. Easily decomposing crystals, as 
pyrites or calcite, may be entirely removed, and their cavities be 
filled with some other mineral, which will assume the exact foi'm 
of the original crj'slal, and thus be & psmdomorpk. 

It is a fact established by the experiments of Professors W. B, 
and E. E. Rogei's, that pure water will dissolve more or less every 
variety of rock except quartz, on which nothing will act but 
hydrofluoric acid, unless it be converted into silicates. Much more 
decided will be the action of water if it contain, as it commonly 
does, carbonic acid. Other energetic chemical agents are produced 
which, along with carbonic acid, are carried we bi ow not how 
deep into the earth, not only disiategrating the surface, but eflTect- 
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Off DUNES OR DOWNS. 

ing important cbangea even in rocks tliat show no signs of altera- 
tion. This subject will be dwelt upon more in detail in oiir Sec- 
tion on Metamorpliiam, 

Detritus, or Debris of Ledges. — It is cliiefly by tlie action of 
frost and gravity, that those extensive accumulations of angular 
fragments of rooks are made that often form a ialus, or slope, at 
the foot of naked ledges, and even high up tboir faces. In some 
cases, though not generally, this detritus has reached the top of 
tfie ledge, and no further additions are made to the fragments, 
which usually slope at an angle not far from 40°. Examples of 
this detritus are usually most striking along the mural faces of 
ledges, especially where the upper layers are the hardest. 

Fig.T3. & Fig. 73 reprpsanta a diff, at the baseof which 

there is produced a talus of large angular blocks, 
a. Theac are furtlier acted upon at 6, and f^ 
unlil the raJna or tides remove the finer portiona 
in the form of mud. 

These slopes of dehru show that the 
earth can not have existed in its present 
state an immense period of time ; because the process of disintegra- 
tion is not yet complete. Had these agencies been at work upon 
the earth in its present form from etornity, the earth would have 
become a vast plain, and the fand Lave been all swallowed up and 
covered by the ocean. 

DuTies or Downs. — The sand which is driven upon the shore by 
the waves is often earned so far inland as to be beyond the reach 
of the returning wave; and thus an accumulation takes place, 
which is the origin of most of those moving sand hills, known by 
the names of dunes or downs. When the sand becomes dry, the 
sea bieezes drive it further and further inward, the land breezes 
not having equal power to force it back ; and at length it becomes 
a fonnidahto enemy, by overwhelming the fertile fields, filling up 
rivers and burying villages. Sometimes these dunes occur in the 
interior of a country. 

Every one is femiliar with the history of these dunes in Egypt- Tlio west- 
erly winds have brought in the sands from the Lybiau desert, and all tliewest 
aide of the Kile, with the exception of a few sheltered spots, has been eon- 
verted into an arid waata. In Upper Egypt especially, the remains of ancient 
temples, pulaeeEi, cities, and villages, are numeroas among Ihc drifiing sands. 
In Europe, around the Bay of Biscay, a similar destructive process ia going 
on. A great number of v^ages have been entirely destroyed ; and no less 
than teo are now imniinentiy threatened by sand hills, which advance at the 
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rate of 60 or even 72 feet annnally. On the coast of Cornwall, in England, 
Bimilar efffcets have talren place. Tliese duues are eomoiou on the coast at 
tlio United States, espeeiulty on Capa Cod, in Massachusetls, where stroim- 
oua eiibLts have been miide to urtBst their pregress, and to prevent the des- 
truetjon. of villages and harbors iliat are threateneij, Upon the south sliorea 
of Lake Superior thej are also touu^ 

Aqueous agencies act mecliaiiically and cliemically. MccLani- 
cally, in tlie form of glacieis, avalanclies, icebergs, frost, snow, ice, 
landslips, rivers, tides, waves, and oceanic ouireiits, tLey are con- 
tinually abrading tlio ledges and re-arranging the materials, par- 
ticularly under water, Chemicaily, water dissolves portions of 
rocks, and deposits them again by evaporation oi- procipiliit Ioti. 



Glaciers are rivers of ice, descending from the regions of 
perpetual frost, to levels below the usual snow line. Tlioy tiro 
inclosed in valleys, or are suspended upon the flanks of moun- 
tains. Tliey are properly streams filled with tlio overflow or leaste 
of tlie vast snow fields occupying the higher regions. Those may 
be aptly compared to a sheet of ice descending from a tia-covci'ed 
roof. In the Alps the glaciers terminate sometimes as high as 
7,000 or 3,000 feet above the ocean ; but some descend to ,1,400 
feet, while the usual snow line docs not descend below 8,000 feet. 

Glaciers are found among the Himalayahs, the Caucasus, and Altai moun- 
tains, in Asia; among the Alps, where tbef have been most studied, in Nor- 
way, Iceland, and Spitabergen, in Europe ; in Petagonia in South America, 
Rnd within both fripd Jbones. There are 400 glaciers among Uie Alps, cover- 
ing ahout 1,400 square miles of surface. They are divided into two frroups — 
the glaciers of Mont Blanc, and of the Unsler Aarhom districts. The most 
important glaciers have received distinct names, as Bossons, Aletsoh, and 
Vieseh, among the Alps, and the great Humboldt glacier in Greenland, de- 
scribed by Dr. Kane, aud figured in oar Frontispiece. 

The elevated crests and plateaux above glaciers are more or less 
covered with snow. These vast fields of powdery and crystalhne 
snow are termed mers de glace, or seas of ice. In its descent this 
snow becomes mSre granular, and forms the n6vi (French), or firti 
(German). Additions are made to the neve, or the upper part of 
[he glacier, every year, so that the mass is stratified. 

The ni^vfi gradually changes into the blue compact ke, which 
forms the true glacier. The latter is permeated by a delicate 
^ti'iicturo, similarto I'le cleavage of slaty rocks, or vertical ribbons 
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of l)!ue iee parallel to the course of tlio glacier, alternating wi'tli 
bands of wliita ice, from Jj of an inch to several inches wide. 

The neve ]ib3 a concavs even suffice, but tlie Klaeier proper is convex, and 
iagenurally riddied by flssuros or crevasi^ca, olten hundreds of yards Urng. and 
buudredB of feet deep, erOBsing in every directiou. These are produced by 
llie uuequal temperature of the moss. Tha glataer 13 cut up by tlie fissures 
into masses of various aliapea. Sometimes the masses are E^juarc or trapc- 
zoid^J; or eonstitut* needle siiaped. pyramids, cailed Aigtiiliea. WIictb the 
&Bures are wautiug, numerous little slroBinleta How over tlie surface in small 
oliannelfl. These may teroiiiiate in laroular or elliptical hulcB, called pmh, 
iiStiu of great depth. 8ometiDies tlie puits are only a lew feet deep, and are 
filled with water — like pot-liolcs near w«t<?r&lla. When the watir tVcezes in 
tliem, tbe ice is formed in tteautiful coneeotrio layers, which are called ghiaer 
darn. The meridinn holea are semi-circular hollows, invariably having tbe 
aie turned to the north, and the chord to t!ie south ; Ibus perviiig as com- 
pases and sundials to travelers. Tiiey are pi-oduoed by the hent of the san'a 
laja upon smaU accumulations of ^avel. Tlia cebblee absorb more heat than 
the tee, and licnce sink into the ice where the sun's rays act the longest, and 
with the greatest iutonsity. 

Glaciers are of two kinds, TIic first class lie in valleys of 
greater or less depth, and have a declivity or slope from 3° to 10°. 
The second class are generally small, resting upon the declivities 
of mountains, with a slope varying from 15° to 60° and upwards. 

Of the first olasa there are tiiree varieties : the canal shaped, of uniform 
width with scarcely any hmnches ; tho ovid shaped, and tlie bosin ehaped, bolh 
of whii^h are contained in deep valliiys among momitains, so that the widili 
of the outlet is a fraction of the diameter of die glader itself. They may be 
compared with expan^ns of rivers into lakes. 

Fig. 14 is a view of a canal shaped jTlatder in it9 upper part, as it precedes 
l>om the distant mer de glace, and wmiis through the long valley. It is one 
of the Alpine glaciers. 

The greater part of tho Alpine gladers are from 18 to 21 miles long, be- 
tween a mile-and'a-half and tliree miles ividc. and from 100 to 600 feet lliick. 
The thickness of tho up[>sr is alwaj's greater Uian that of (lie lower end. 
Glaciers haTB been described among tho Himalayabs several tliousand (let in 
thickness. Tho great HnmlMlilt glacier, in Greenland, is 300 feet tl.ick, 45 
niili.>s wide, .IS it flows into Peabody Bay, and .200 miles long; the largest 
glacier by laryet deaciiboJ. (See Frontisnie<!e.^) 

In warm s-^awn^ tho liwcr ends of glaciers are gradually niplting, and 
inequalities are being produced over their Burfaoes. Tills superfieisl waste is 
called abhtam. When large flat blocks of stone lie upon the iee, by ablation 
the phenomenon of glacier labtee is prodnced. The rock protects the ice be- 
neath ilaelf Hum mejiing, but tho ica of the glarfer around it gradually dis- 
ftppears, until the block is poised upon a single pedestal, 4ike a table. Ruf. 
Forbes describes one of these tables in the JVlps, 23 feet by 17, and 3 j 
feet thick. Other objects of interest are the grnvsl cones. These are cones 
of ice, usually al>out a foot in height, covered with gravd. They are 
formed by abLition. Like the tables of stone, a mass of gravel Is elevated 
upon a p3dcsta1, and tho gradual waste of the iee beneath allows the outside 

" Wo iro InilpWecl (0 flia IthcraHty of (Tillils * Peterson tbpjiermlsstnn tn m\iy \VU 
diawldsf^oiB thslr splaiulU warti, Airtii: Erplomtloni, liy Dr. Kane, l'hiln>lQl|,biiL IStlfi. 
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As glacici's advance they break off masses of rocks from tlie 
sides and bottoms of the valleys, and crowd along whatever is 
movable, so as to foim large accumQiationa of detritus in front and 
along their sides. "When the glacier melts away, these ridges 
reiUiiin, and are called moraines. Agassiz describes three kinds; 

1. The terminal moraine, or that at the extremity of the glacier ; 

2. Lateral moraines, or those ridges of detritus formed along tiie 
flanks of the glacier ; 3. Medial moraines, or those longitudinal 
trains of blocks \Yhich soiaetiiaes acemoulato upon the top of the 
glacier, especially where glaciers unite from two valleys, and crowd 
the detritus between them upon their tops. The moraines are 
sometimes 30 or 40 feet high. 

At the lower extremity of the glacier there is a vault from 
■which issues, especially in the summer, a stream of water, which 
ramifies npward beneath the ice like rivera in general. Tliis stream, 
continuing from generation to generation, wears out a channel in 
the rocks as it descends from the glacier. 

Fif!. t5 shows the lower extremity of tho glacier of Viesdi, with a distinct 
terminal raoridno, wliieli at tho i^cles is connected with lateral moraines. A. 
Ef ream p{ water is ^een iSBviirig &om the glacier, which lias worn a diannel in 
tho locks. On Fig. 74 are sliown botli lateral and medial moraines ; the latter 
con^erably scatlereiL Fig. 73 exhibits a fine example of a medial moraine. 

Although the inferior surface of the glacier is pure smooth ice, 
yet it is usually thickly set with fragments of rock, pebbles, and 
coarse sand, firmly frozen into it, which makes it a huge rasp ; 
and when it moves forward, these projecting masses, prissed down 
by the enormous weight of the glacier, wear down and scratch 
the solid Tocloi ; or when the materials in the ice are vciy fine, 
they smooth and even polish the surface beneath. Tlie movable 
materials beneath the ice are crushed and i-oundcd, and often 
worn into sand or mad. The rocks in place, against which the 
glacier presses, are also smoothed and striated upon their sides. 
These strife, wherever found, arc perfectly parallel to one another, 
because tho materials producing them are fised in the bottom of 
the ioe. But as tho glacier advances from year to year, new seta 
of scratches will be prodnce<I, which sometimes cross those pre- 
vioRslj; made,, al, ;. small angle. 
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!? fry Glaniirh. 

glaciers are uneven, and exJiibit 
gles arc worn ofl', and tlie sni'fa2{'s 
d undulating apjwiarance dunonii- 
':ieen, or tnibossud rouks. Tlicy 
d75. 



Currents of water eometimea ennspiro with the morementg of t'le (tlncier, 
and form grooves or troiiKlis of fonaideroble dejith and width on tlio (op of 
precipitous roeks, to wliich currontu of water could have no aeneHS were not 
the space arovuid tliem flilod with loo. Such fiirrowB are called, in Switzer- 
land, lapiai or iapiz. 
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Motion of Glaciers. — Professor J, D. Forbes supposes be lias 
proved that tlie ice comports itself precisely liko a stream of water 
m tlie following particulars: 1. The motion of tlio Mor de Glace, 
duiing summer and ■autumn, is aa great as four feet in a day r.\ 
some places, and «nly eiglit or nine inches in othere, 2. Each 
portion of the glacier moves contiouously, «nd not by fits and 
starts. 3. The glacier, like a stream, has its pools and it? rapids. 

4. Tlie motion of the ice is fiivored by on increase «f temper- 
atui'e. 5. Yet the motion does not entirely oease in the winter. 
«. The centre -of the glacier moves faster than the sides ; and the 
topfastertfian the bottom, 7. The maximum velocity is not al- 
ways ill the middle of the glacier, but may be upon cither side. 

5. Tlie clianges in the velocity of the ice take place gradually by 
the yielding of the entire mass, not by thejtistling of fragnionts, 
or the fcniiation of rcnla. 

The M«r-de Glaco moved 1(1,500 fept in 44 years, or upon an aterage, 375 
feet annuall]-. Soawtimes glaciers advance lower and lower for HHvWil years, 
ia Goasequence of low temperature I or tliey may recrpat during i succeswon 
■of unusually warm seasons. As tliey advunoo anil retreat ibey produce and 
leave successive moraines, especially terminal ones. 

In the view of Prof, Forbes, a glacier ii an imperfect fluid, or a 
viscous body, which is urged down slopes, I ke » river, by the 
mutual pressure of its parts. The ice is not inflexibli', but more 
or less plastic, ia consequence of having its mitnt pores and 
fissures permeated with water. As much ot the nitLr freezes in 
cold seasons, the motion of tlie glacier is iitarded in winter and 
accelerated in summer. Tlio decrease of the glacier m summer 
l:^' ablation, and by the attenuation and collapseof the parts which 
move most rapidly, is repiwred during the winter, when, the hjifher 
re^ons of the glacier moving relatively ^ter than the lower, the 
yielding mass of ice is pressed upwards. 

Kecent exp«imcnia show tliat ice has a property of plaaacity called rege- 
tation. With or witliout pi'esaure, fra^enta oi' ico wiil cohere at 'Sf, an?) 
by prcasorc tliey may bo molded into any form. Hence tlie (tlodal valley i» 
» wold, in wiiich the ice \a pressed by its own grarilj. Also, wlieu separate 
(rlacier branches unit* themselves intoaaingle trunlt. renelfltion cemenJa all 
the parts into one whole ; and Ihus thecomhinntionof twoplaoieraia like the 
coDlliieQee of two rivers. The ribhoned ef.nictJire of tlis ice is thou^lrt tiy 
some to have been produced by pressure, liko the elaly cleavage of rocks. 

The theorj' of Agassiz imputed the onward movement of 
glaciers to i\\a cxjiansioii of the water by freezing, which during 
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tlie day in mild weatlier is constantly infiltrated into the eracts 
and pores of the ice. This view ia ably defutidod by ite learned 
author Ju bis fascinating and splendid work, Etude* mr Us Gla- 



g oxaiiq)le of the progress of a glacier. A 
I a laTT^B block in the moraine of a glacier, 
lemiuned the iaot in bis book. Some ten 
rs afterwards anotlier explorer started lo tind the block, and was ^reeably 
> meet it scHne eigiit or teii miles nearer the lower end of the 
glsraer. This block witli lOflny others ia sbown on Fig, 18, wblcb exhibits 
aJsoseveftil glacier tables. 



In tliat work ho gives i 
ecriuin oxpliH^;r la^tejied a 
high up towards iK 
years af 




■We IntrDfluce Fig. 79 to give an idea of the stapendoBS chain of moun- 
tains in the Alps, called Mmit Blanc, ns seen ftom the pummit of the Hreven, 
which is 8,500 feet hish; a, is Chamouny in the ralley ; *, Mont Bhinc; 
c, Her do Glace; (^ Boissona Glacier; e, Angille verte; / Dome du Coute; 
g, Montanvert. Any one wiio has been there will reoogniEe these spots ffitli 
great dlslincttioss. 

Avalanches, Iceherffs, etc. — When the slope down wbieb a gla- 
cier descends is very steep, or it is crowded to the edge of a pre- 
cipice, bugo masses somotimea are broken off by gravity, and 
tumbling down the mountain produce great liavoc. In the Alps 
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tliesa are calleJ at alanrhea and so large -iro thov "loinetimes, tl i% 
fimu O!io to Am, \iIlftf;o= with tIioii=nnc)s of irbal t mta bivo bot i 
destroyetl iii ■* i oiiiLiit 

Landiliis nn i -nr-> 1 ^t Mmi sr Dec rrcnoe 1 ipponmt, in ponntnca wl ere 
perpotiial f.o^t 1 r t \ »r 11 1 IV -c i i ll c r m tl o S) nn" v1 en 
tlie frost Icyvo ll >; iltofrrcitn„t fiov Ictd^s nlonj 
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Blid«3 (alio placo in flis summor, nfter powerfiil faina ; as tliat ia (ho Wluto 
ilouutJuiiB ill 182IJ, by wltidi a &jnil)' wero destrojed. Miirka of onoieKt 
slides aio viaible ou the sides of tlio Hopper on Saddlo Mouaf ain ia Massachu- 
setts, auii upon tiio west side of Mansftcld Mountain, in Vermont. Aro'Lic 
voyagers say tliat elmilar phenomeaa are common in tile Polar rogiona. 

When a glacier discharges itself into tlio ocean, great masses 
of ice, pci'liaps loaded with, detritus, quietly separate from it, and 
are floated off by currents. Or if t'le glacier is crowded off a 
stoep shore, the masses will bo precipitated into the water. Two 
systems of fissures, dividing the ice into square blocks, faeilitato 
the separation. Those blocks a™ iceherffs. 

The i-eprasentation of tlie EninboMt Glaoier (Pnintispietx), sliows tlio origin 
of many of tlio icebergs in the Kortliorn Atlaniiu. These boi^ separate from 
lliis glacier in lines parallel to tlie shore. A rqirescntatioii of a tinglo berg, 
\¥it;i Ibo ship of Captain Pai'ry in front of it, is given in Vig. SO. 




Fis. SI e\\ b ts a remarkablp erp- fis'^rad by Capta n M -CI ntocl st n 
inj on a a tow pedeatii vl ch 1 on-over sec ns to be connecled 
broad m^™ of ce mostly Leneath He si rf ce of t! aea. It muet bo 1 r„ 
compared with tlie bei^ to prevent the latter from toppling over. 

Those bergs from the north fcequcntly float ns far poutb as 40^ 
north latitude before they are all melted, and tliey have been 
the occasion of many shipwrecks between the United States r.'^d 
Europe. 

■ffhen liio ice in lii'iii latiCnrtos bre^ka up in llio snmm-r, -i;iFt Fr.rf.ii'L'H of '.t, 
CnllGd FkU Ix, aro boriio hltiier .iikI tliitli(!r by Vm \y\w\i .".iid Q:itK:'A ■-, ui.ci. 
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in pn»Dn □(! vesspig npj Tigttiem severclj- and eo times ra 
tir Ij out ol II w Iter 

A poriLuii irf na ico-fieid ia a Jlie. The ke-Ml is e continued mai^n of ica 
nrtlieiing to the coast ,ib«ve the ordinaTT level -at Ihe sea, in liigh latiludea. 
Tlio K^oat Is a Ihnited icQ-bolt. Latid-ica is Reld-ioa adhering Co tiLe coaSt, 
«r included between heaillanda. Ah see-rofl ia a mass of ice transporting 
fimiga matter!. Icebergs ara ftnaca from fi«sli, and flooa frara wXi water. 

Icebergs and floes m.ay bo of great size and wide surfecc, Ice- 
Ixifga riBO sometimes from 250 to 300 foot p.bovo tlio water, and as 
tvcry cubic foot above the surf;ico implies eiglit cubic feet bcloir 
it, thoy mnst descend *ver 2,000 feet. Tlie floes are often one, 
two, five, and even tbii-teen miles long ; and one nortlieni voj-agcr 
relates tliat a party traveled iiortbeily upon one of tbcra for days, 
Bupposiii^ it either fixed to the sliore or covering tiie land, and 
l;i?ow not their mistake, till an observation for latitude showed 
tliem that the ice was moving southerly as fast as tbcy-moved 
I'-ortherly. 

The bergs aro FomGtimefl loaded with detrittra of bdutdirti, eand and frraveL 
Capt Sooresby conjectures tliat some ivliicii he saw contained irom 60,000 to 
180,000 toiiB of Bueh matedalEi. On a large bei^r, observed in 1839, inS. lat 
Cl°, a boulder was observed frozen in, ax feet by twelve in diameter, which 
had been carried 1,400 miles, that being tbo distance to the nearest land. 

Dr. Katie has Riven several fine drawinas to illustrate this svibject : one rf 
■T.1)ieh n-fl tavo c^nii'd in V\j!.^1. Tliis r;iH i? loaded with massesnf slate. Dr. 
Ka>c Rivfs " I have rju!i;l nijsscs tliMt have Ireen delnchfd in this way 
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108 VALLEYS OF DENUDATION. 

floatiag maj- miles out to sea — kmg symmetrloal tables, 200 feet long, bj- 80 
broad, covered with lai^e angular bkieks and bowlders, and seemliigtj im- 
pregnated throughout witb detriled matter. These rafts in llarahall Bay were 
so namerou^ thal^ pwild they have melted as 1 Baw tlieni, the bottom of (lie 
sea would have presented a, more wittoua study for tlie geologist than tho 
bowlder-covered liues of our middle latitudea." He speaks of an ice-belt 
{which in sammer ia detaolied and floata ofl',) aa " covered with its millions of 
tons of Fubbish, greenstones, limestones, chlorite slatea, rounded aad ai^ular, 
moEaisc, and grcfljnd to powder." 

Fig. S2. 




n hour, when it strikes the aurlace, must be very greal, and euch as wo 
shall Sad has been the result of some agency in high latitudes when we come 
todosoribe Oie phenomena of drift. 

Ice islauds sometimes got etranded upon ttie top of some rocfc that rises in 
the oeean, and then frozen toil, bo that when by winds and waves tho icy cap 
ia loosened, it teara off more or lesa of the rock beneath, and bearing it away 
in the direoUon of the current, drops the attached fragmenta upon the bottom. 

If tiiis (^leratioQ be often repeatoii, it might produce a train of boulders on 
the boUom of the aea. 

Wiien tlie aea is rough, an iceberg may be lifted up by the waves, and as 
they retire be allowed to fall ; so tlint, if the water bo shallow, it will come 
down like a mighty maul, and with a fbroe which even aolid rock could 
scarcely resttst. 

BIVEES. 

Rivera produce geological changes in four modes: 1. Ey ex- 
cavating some parts of their beds. 2. By filling up other parts. 
3. By foiroing deposits aTong their banks. 4. By forming deposits, 
culled deltas, at their moaths. 

Most of the la^ar rivers, especially where Ihey flow through a level coun- 
try, are fi.ling up their channels; but where smaller streams pass Ihroagli a 
mountainous, region, the process of i-jtuavalion ia still gohig on ; and it ia ac- 
complished m a goc^d measure by means of tM freshda. 

Vulleifi of DetiKdation, — In many instances it cau bo shown 
that the present beds of rivers wore only in a EiiialE part jiroduccd 
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by their own erosions, and tliot previous ngencios in great port 
prepared tlie valleys tiirough ■wliicli they run. 

The general features of continents, and tto larger valleys, are 
due to the position of the underlying strata. If ^ese havo tho 
shape of a trough or basin, the depression is a natural valley ; and 
as it is produced by the sinking of the strata, it is called a valley 
of subsidence., as in Fig. 83. Such \ alleys may be enlarged by 

But often these depressions are actaiilly excavated from strata 
inclined at various angles. 'Sh.e&a axu vallcyg of denudation. There 
are two general varieties of them. First, when the crest of an 
anticlinal ridge has been worn away, constituting a valley of eleva- 
tion, as in Fig. 84. Secondly, when a valley has been excavated 
out of vertical or inclined strata, as in Fig. 85. These ate valleys 
of erosion. Eavincs, goi^cs, and canons (pronounced eany6ns), 
are narrow I'alleya chiefly along the prLStnt bods of rivers, exca- 
vated by the streams alone withoi t foreign aisistancc. In many 
instances one is surprised at the magnitude ot the excavations. 



^ 




Oit of a aiuit tudo uf o\amples we select onlj a few to illustiatu tlio first 
mode iQ wl ch rivers pruUuce geoli^tal el ange''. 

I riie gulf seven antes long and ISO feet deep between ^i^ara Falls 
and Lake Ontario iiaa long eiuttd the atteutio i of geologists and some of 
Dictn bave imagined otiier agencies bedde the river to make tho ero^on. But 
wo see a work now going oii there fiom year to year, wliich needed only time 
enough to iiave excavated the whole gorge, and time is an element for which 
a mnllatuda of RcolOfsTcal Eiets make an almost unlimited demand. At 
Niagara Falls STO.OOO ton^ of water are predpitateii into the gulf every 
miuiite. Tlie tipper siielf of rock ia quite hard, but tho layers of strala be- 
neath are worn out by the dripping water, and then the weight cansos tho 
hnrd crust to break off from time to time in large masses. The rate of retro- 
cesMOn has beeu loosely estimated to average fram one fixit to ono yard per 
year. But this rate, if correct, would not be what it -was when the lail 
was neiirBr Lake Ontario, noi' what it will be aa it approaches Lake Erie, bu- 
cauae in both oases the rooks are dillbrent. 

2. On Genesee river, in Now York, wo find vely ptriking evidence of ero- 
sion. Between its moulh and Roehesler, seven mile?, are Ihree cataraeis, 
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Bomo miles apart i and Mmo of these falls hare recoded Rirthor than crthoM, 
bocaiLjo thtre are three kiods of roelt troBsed, wliioli are worn away with 
different degrees of rapidity. South of Ikn^hester we find « i^rge worn 1-i 
miles long, from Mount Morria to Portage, sometimes 350 fuet deep, with 
throe distinct faila. origiDatini; in the Banie causa aa that above meLtioneil, 
and which praves beyond qaestion tliat the rivyr has done tlie work. 

3. On the Potomac, ten miles west of Wasliington. tiie Gi-eat I'al^a have 
worn out a goii-e from CO to 70 feet deep, and four miles long, in hard mica 
EchisC 

4, Carions.-~la our BoutbwesEera States, New Mexico, Arkansas, etc., 
Where for daj-H Uio travcJjr llads no trees, tlje rivera iiave cut long and deep 
gull's into the horizontal (strata, liioir Existence is not Buapucted till a pei-- 
Eon Cuds himself arivslcd ou tlio brink cf a precipice, often huiidreils tri' leet 
lii};Ii, at the foot of wiiicli, and bounded by an opposite wall, tiiu siriani rtnis. 
Ih^a gulfs are called Ca.'lohs, and often they are ao long timt lor daya i lie 
travelor can find no (jbca to etosa, nor to natcr bis animtda. Tliej exieiid 
eIso up Iba tributaries; a conclusive proof that tlia streams lliemBelves, tnit 
not convu;aiona iLava produced tliem. Tlie Grand Canon on the Canadian 
liver is 350 feet dseji, and fiO miles Ijng. The Caflon cf Chelly, in KeW 
Jlexieo, baa walls fruni l;,0 to 800 feet high, and 25 miles long. Captain 
Marcy describes ft Cafion on Kid liivcr, in Texas, 70 miles long, and Irora 
COD li> tiOO Gietdcep. Iho annexed tikctcli of a CaSon, o:i PittcsoMiJie Creek, 
in Oregon, n'ill give a good iJea of this cLiSj of plienomena. (Fig. Hti.) 

L'cut Ivca BtoCcmcuta in hu Bupoi't of 18EiS, respecting Ibo porges upon the 
Colorado livcr, in Cal.foroii, are almost incredible, and aru ceiuiiuly n'itl.out 
a parallel. At the Lead of navigaUon, tho docp and narrow cnrrrnt of Ihe 
river Hows b..twefla massive walls of rock wliicli liao sliecr fiMn the water 
for over a thou^nd foot^ seaming almost to meet in tho dizzy l.eight ubove. 
'i'lie sun ran.<ly penetrated tlie deptlia of this "Black Cafion," 25 milts in 
length. Above Ibis Kiere is a vast table land, 8000 fbot aliovo llie ocean, and 
h-Lmdreds of miles in broadtli, exteudinj; eastward to the n^ouiitains of iho 
Sierra Madro, and atreti^ug fir north into Utah. Tbo Colorado and ibs ti ibu- 
tarics, flowing to the soDtli-wcsl^ liavo cut tlioh- way through ihia immense 
plateau, making caGons which ar j in somo places inore than a miic in diplh. 
'ihe streams form a labyrinth of yawning abysses, genoraily injitdst-ible. 

So numerona and so closely Int^'riaoed are the cations, tliat often (hiy leavo 
only scattered rouioants of tho original plateau — naLTOw walls, isolaleii ridges, 
rnd Blend. r, seemingly tottering spires, shooting up lo an enormous height 
I'.'om itio vaults below. 

6, Upon the oastero continent we would refer to tlie Wadys rf Syria and 
Palestine; tfl the Tia Mala, ou tho upper part of the Rhine, 1600 feet ilup, 
4 miles long, and only 20 fjet wide; to tlio Deflloof Earzan, on ilie Dannl.c, 
200 yards wide, and 2000 feet deep; a gorge on the Sullej river, among tl.o 
Ilirmlayabs, 1500 feet deep, and a mile long; to a gorge in Australia, on 
Cox river, 800 f^ct high, and 3300 yards wide; and to a multitude ol' oibtc 

Eivers accumulate ttiatonats in parts of their cliannels, or alorg 
tlicir banks. Terraced valleys and leveei are tiio results of this 
a^ncy. Tlio terraces »ro objects of great importance in our rea- 
eonings; tlie levees aro akin to, and conneeted with deltas. Tho 
lai^c livers do not caiTy all their detritus to the di'lta, but deposit 
Eom:; of it along tho;r fide. In times of fresliels these deposits 
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arc mado upon the banks, above the ordinary level of the water. 
Tliiis great einhantmenfa will ho formed upon each side. ITiese 
levees arc augmented hy tiie agenoy of man, for the protectioa of 
his propcity from overflow. Tho river Po, in Italy, is resti'ained 
within proper honnds hy levees higher than the roofs of the houses 
of the cities protected by them. The Mississippi is confined by 
levees for a considerable distance above and below New Oi'ioans. 
A serions breach or crevasse in the dykes would inundate the city 
and vicinity. 

Deltas of Riven. — The delta of the Mississippi, the father of 
watei's, has formed most of tlio lower part of Louisiana, and has 
advanced several leagues since Ifew Orleans was built. All large 
rivers enter the ocean by several moutlis like this. The delta of 
the Ganges comracncos 220 miles from the sea, and has a base 200 
miles long, and the waters of the ocean at its mouth are muddy 60 
miles from the shore. Since the year 1243 the delta of the Nile 
has advanced a mile at Damictta ; and the same at Foah since the 
15th century. lu 3,000 years the g,;iii of the land at the mouth 
of the Po baa been 18 miles, for 100 lailos along the coast. The 
delta of the Niger extends into the interior 170 miles, and along 
the coast 300 miles, so as to fonn an area of 25,000 square mi!es. 

TliD Delta of Uao Qanses witli i;3 numerous mouths is repreaentod in 
Fig. 87. 

Fla. BT. 
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An immense allavial deposit is Ibrming at the inouth of the Amazoa end 
Oriooeo rivers, most of wliicli la swept northerly by the Gulf Stream. The 
waters of the Amazon are cot Botirely mixed with those of the ocean at the 
distance of 300 miles from the coast. The quantiey of Bediment annually 
brought down by tlie Ganges amounts to 6,30^,077,440 tons, or sixty times 
more than the weight of the great pyramid in Egypt. The Missussippi annu- 
rlly dischai^es 14,883,360,000,000 cubit ftet, or 101.1 cubic Eiiles of water, 
iiiiotheGulf of Mexico; and deposits at the same time 28,1 66,000,000 cubic 
foet> or two billion laus, of solid matter. Tt is estiniated tliat ihe wliote 
delta contains 2,700 cubic miles of solid matter, and that 14,000 years would 
bo required for ila formation, at its present rate of growth. In ilassaehu- 
!«tts, Uie matter cairied down by the Merrimao haa been estimated to be 
S-1 0,000 tons per annum. 

The extensive deposits thus fomaii^ daily by rivers nijed only coneolidation 
to become rocks of Ihe same cliaracter as tlio shales, Eandstonee, and con- 
glomerates of the secondary series. 

Tlie delta of the Rhone, on the shores of the Ifedilerranean, is sajd to be 
mostly snlid calcareous and even <»y5talline rocli. 

Bursting ofLaixa. — A few exajnples have occuired in which a lake, or a large 
body of wator long confined, has broken throi^h its barrier and iuniideted 
the adjacent country. An interesting example of tliis kind occurred iu 1610, 
in the town of Glover, in Vermont, in which two lakes, one of them a mile 
and a half long and Ihree-Iburths of a mile wide, and iu some places 150 feet 
deep; and the other, three-fourths of a mile long, and a half a mile wide, 
were let out by human labor, and being drained in a few minutes, the waters 
urged their way down the channel of Uarton river, at least 20 miles lo Lake 
Mcmphremngc^p mostly through a (orost, cutting a ravine from 20 to 40 rods 
wide, and from 50 to GO tbet deep ; inundatii^ the low lands, and depofiting 
thereoD vast quantities of timber. 

In 1818, the waters of the Dranse, in Switzerland, having been long ob- 
sttacted by ioe^ burst their barrier and produced still greater desolation, be- 
cause the country was more tluiddy settled than the borders of the lake above 
named. The enterprise of an engineer averted part of the desolation by tun- 
neling the barrier; but not sufficient to prevent the deslruttionof 400 bousea 
and many pleasure grounds. 

It has been sappo^ed. that should the fails of Niagara ever recede to Lake 
Erie, a terrible inundation of the r^on eastward would be the result ; but 
De la Betjie has proved satisfactorily Uiat the only effect would be a gradual 
draining of Lake Erie, with only a dight increase of Nii^ara river. 

P(md and Lake J!ampar(s,— These have not yet been described 
ill any works on geology. Around the borders of some not very 
(!eep latea and ponds in high latitudes, ridges or embankments 
of bowlders have been formed, tiio outer being the steepest side. 
So perfect are tlie walla thus produced, that many have supposed 
thorn to have been the work of aborigines. In Wright county, 
Iowa, there is a rampart ton feet high, composed of boulders from 
fiftypounds to three tons in weight, Btirrounding a lake 1,900 
acres in extent, and from two to twenty-five feet deep. But there 
arc no scattered bowlders in the water or in the vicinity of the 
lake upon the shore. Several Jakes and ponda in Vermont, also, 
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Lave tliuse rainparls about parts of tlieir shores ; os at tlic north 
part of Willougliby Lake, at Averill and Fratikliu ponds. 

As tliis phenomenon has no connection with glaciei's or drill;, 
wc venture to piwpofio s: tlioory for it hore. Wo think tiiiit the 
bowlders composing tlie rampai-ts ]iavo been biDUglit from the 
bottoms of tbe lakes, and pushed upon the shore by the outward 
expansion of the water in fi-eezing. Instances are on record wbeio 
large stones of tons weight have been moved several feet in a 
single season. And if a few inches progress only bo made in a 
single winter, a hundred winters might witness the removal of all 
the blocks in shallow water to the shore, and the crowding of them 
into a ridge havin<i the form of a ram])art. A similar phenomenon 
on the shores of Lake Onega, in Russia, is described by Sir 
Eodoiick Murchison, and explained in an analogous inanner- 

AGESCY OP TUB O0E4N. 

The ocean produces geological changes in three modes : 1. r>v 
its waves; 2. By its tides; 3. By its currents. Their effect is 
twofold: 1. To wear away the land; 2, To accumulate detritus' 
so as to foi-m new land. 

The action of waves or breakers upon abnipt coasts, composed 
of rather soft materials, is very powerful in wealing them down, 
and preparing the detritus to be carried into the ocean by tides 
and currents. Duiing storms, masses of rocks, weighing from t.m 
to thirty tons, are torn from the ledges, and driven several rods 
inland, even up a surface sloping with a considerable dip toivards 
the ocean. 

In the 13th century, a strait Imlf as wide as the channel between England 
anil France, wiia exciivHted En 100 years in the nortli part of Holland; but . 
ita mdth Bfterwords did not increase. The Knglish channel also is sup- 
posed to have been formed in a similar manner. In England, several 
vilta^ have enUreij ilieappearod by the eneroachnienta of tlie sea. At Csps 
May, on the north pMu of DHkwaro Bay, tlie sea haa advanced upon the 
land al; Iho rate of ubout 9 feet in a year; and at Sullivfln'fi Island, near 
Charleston. South Carolina it advanced a quarter of a milo in three years. 
But perhaps the coHBtcrfKova Scotia and New Enc-land exhibits the nort 
ftrlkinji; "Einiplea of the powerfOI waatini^ afreney of the waves, whose firvM 
Ihere is often tremendons, especially dnring violent nortJiesst storms. Where 
tlie ooasc la roeky, insulated masses of rocks, called Jhongs, are left on the 
shore, givin;; a wild and pietiiresqno effect to the scenery, bh in the following 
skelcli, Fig. 88, which was taken upon Jewell's Island, in Caaco Bay, Maine. 
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Dronga oti JeictU^s Mand, Cai 



Fig. 89 allows Dronga, or Neodle^ on tlio coast of England. Fig. 00 ex- 
hibits ttie tknious Chcoao wring, near tlie Lizard, in Gorawalt, Engltind. Its- 
iiiarkablo as audi oiilumns are, we might fill pages witli skelcUea of similar 
oQ&'i, nnd many of tlioni in our owu uountry. 






Furgalorit 



i perp'-- 



i by fissurps. 



times removed by tlie water, tlins leaviry; a diasm, olten of gri'St size, into 
whicli the waves rush during a storm ivitli great noise and violence. Suoli 
fissures liavo been called prirgaioriea, in Now England, when tlicy are qiiito 
narrow. Tliey are only eiamplefs on a email scale, of tlie Fiordn of Nornav, 
GreenJrmd, and tlie nortlieastera constfl of Worth Ameiien, WeU known ox- 
nmplca of these Purpttorios oconr in tlie Tioinity of Newport, Rhode iBlnniL 
fiimilnr fiaanres e!;!3t in the Interior, na in Siitton and Great BarringCoii, 
Jlapsachnai^ta 

Beadua of SliingU and Sand. — The shindr, or perf-ofir water-n-oni pcl>- 
bles of a coast, and Band, arfi sometimpa drivon upon the fhore iiy tlic wavrs, 
CO as to (brm Ijonchea; and sometimes evm large howlrtprs iire thus urptpd 
inlanit by powerful stopma. so na to He in a row on the shore. In some cnsps 
of this Port, after tlio benches have been ibnued, the wares rather protect 
Uio coast than encroacli ujion it- 
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■WAVES AUD TIDES. 

! effects of waves upon shores is very great. Those of tl 



ordinary size will form wave lidges, or ripple viarks, at the <lt-pth 
of 70 feet, upon .1 saudy bottom ; and in violent gales the bottom 
may be disturbed at the depth of 400 feet. 

A bowkler containing more than 900 cubic feet was hurried np an acclivity 
to the distance of 150 feet, upon ouo of llie British ialands. Near Edin- 
burah it was ascertained, by careful experiment, tliat tUe avcc^e force ex- 
erted by waves in summer was 611 pounds every squaro ibot ; and in the 
winter 2,0eS pounds for every squaro Erot. At the Bell Rock I^jhthouFe, in 
the German Ocean, during a violent stonn, the pressure exerted was nearly 
three tons to everv squaro foot. Whan ive reSoet that tl\a weight of bodies 
in water is but lilUe more than half their wrfght in air, we sliall see that 
great effects may bo caused even by ordinary wavra. 

In lai^e inluud bodies of water, such as tlio Mediterranean, Black aud 
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Oiapian Seas, and Lake Superior, tides are scarcely perceptible ; never ex- 
ceeding a few inches ; and io tlie open ocean tliey are very sraaE; not ex- 
caedlug two or three feet ; Imt in narrow bays, estiiiiries, and ftitiis, favorably 
sitaated for acoumulatiDg tlio waters, the tides lise from 10 to 40 feet; and 
in O'la instance even 60 or tO feet on tlie European coasts; and in the Bay 
of Fund/, ia Sova Scotia, 70 feet. In such cases, especially where wiiidand 
tide conspire, tJio effect la conaderable upon limited portions of coast, Iwth 
in wearing; away and Ulling up. 

When tides enter rivers, the water is forced to rise suddenly, in cocacqueneo 
of Uie coutraoClon of the chauneL This produces a wave as high m the tide, 
called " the Bore," which niahee up the channel with great rapidity, and acts 
powerfully aaa denuding ^ent Upon Calcutta river, it is called tho "Eagre," 
and its approach is mudi dreaded by ship owners. 

Sirlfiqaa/ie Wanes, or Waves of !Ri»nsladon| are powerful agents of erosion. 
Tlioy constitute one of the phenomona of earthquakes. Their effects are 
unusually liisastrous, because the water itself is moved along hodlly. Tliey 
have been kaowii to attain the height of sixty feet, end to move at the rate 
of twenty miles in a tninuta. One of these huge waves rose and fell eighteen 
times upon the coast of Atrica in 1755. 

OCEANIC CtfEEENTS. 

Oceanic currents are produced chiofly by winds. Modem re- 
boarches have reveaied tlie existence of a great number of these 
ocean rivers. Tlie most extensive of tiiem is tlie Gulf Stream. 
An equatorial current from tiie Soutbcrn Atlantic empties into 
the Caiibbean sea, receiving the waters of tlio Amazon and 
Orinoco on its way, and is thus a feeder of the Clulf Stream. 
It properly cominencea in tlio Gulf of Mexico, whence it issues by 
the Strait of Florida, and one part of it stretclies northeasterly, 
passing along the coast of the Atlantic States, and estecding be- 
yond Norway and Spitzbei^en ; it is common to find tropical 
fruita aiid pieces of wood ti'aiisported by this current from tlio 
West Indies to the Hebrides, The other branch passes from 
Florida across the Atlantic towards Madeira, uniting with a cur- 
rent down the west coast of Africa, Tliis is a waim current, but 
is divided into altevnato warm and cold portions. Its velocity is 
variable ; but may be stated as from one to throe and even four 
miles per hour; its mean rate being 1.5 mile. Its velocity de- 
ci'i^ases towards the northeastern extremity. Return currents 
originate abont the North Pole, or come through Eehring's Straits, 
and pass south, partJy through Bafliii's Bay, and partly east of 
Greenland, uniting on the Labrajlor coast nnd passing along the 
coast of Britiith America and tbo United States to Florida, The 
latter is a cold cuiTcnL In !hc Indian ;:i:d Pacific Oceans ibcre 
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are great cnrreiits, pailicularly a cold current setting ont from 
Cape Mo; 11, which cwntiuues along the coast to Central America, 
then crosses the Pacific towards Borneo, aud loses itself south- 
westerly in the Antarctic rogioua, 

A oonslant current sets into the Mediterranean tlirough the Straita of Gib- 
raltiir. at Itr^ t4iau half a iiiile per hour. It hus been coiijeclurcil, but not 
proved, tbHt an under curri^ut ata oulwiirds throi^li the saiae Etrait, at tbo 
butloin of tlio ocean. Lj'bU ako Bogjjests tliat tlie constant eyapoiatiou };oin™ 
on in tliat sea may so concentrate ttie wattra lioldmg chloride of todinin in 
Eolntion, that a depoait may now bo (brmips at the bottom. But the deepest 
souiidinf^ yet made ther^ (5,880 Ibet), brought up onij mud, Band, and sheila. 
NamerouB other currents of less extent exist in the ocean, wliich it ia nunc- 
cesaary to deacribc They form, in thct, vast rivers in the oi^ean, whoso 
velocity ia u^ally greater tiian tliat of the larger Elreams upon the lands. 

Tlio ordinary velocity of tho groat oceanic currents is from ono 
to three miles per hour; but when they are driven through nar- 
row straits, especially with converging shores, and the tides con- 
spire with the current, the velocity becomes iiincli greater, rising 
to eight, t«n, and oven in one instance, to fourteen miles per hour. 
Tlie deptli to which currents estond has not been accurately de- 
termined. Experimonta indicate that they may sometimes roach 
to the depth of more t!ian 500 feet. It ought to be remembered, 
however, that the friction of water against the bottom greatly 
I'etards the lower portion of the current ; so that the actual dcuud- 
ing aiid transporting power in these currents ia far less thau 
the velocity at the surface would indicate. 

Alike nncertain are the data yet obtained Ibr determiQing wbat vclodties 
of water at tbo bottom are requisite for removing mud, sand, gravel, and 
bowlders. It has been stated, however, (and these are the best results yet 
obtained,) that 6 indies per second will raise fine sand on a horizoiital sur- 
Ihce; 8 inches, sand sa coarse as linseed; 12 inclies, line gravel; 24 indicB 
per second, will roll aloag rounded gravel an itieli in diameter; and iit> inches 
will move auguiar fragmentB of the me of an e^. The velocity necessary 
tor the removal of lai^ bowlders lias not been measured. A velocity of 
feet per second would be 4 miles per hour ; of 8 feet per second, 6.4 miles per 
hour; of 12 feet perseeonil, 8.2 miles per hour; of 24 inches per aecond, 
1G.4 miles per hour; of 3G feet per seeond, 24,6 miles per hour. line mud 
iviU remain suspended in water that bus a very sligiit velocity, and often will 
!iot sink niora tlian a fbot in an lioiir ; so tbat brfore it reached tlie depth of 
500 feet it might bo transported, by a current of 3 miles per Lour, to the dis- 
tmiee of 1,600 miles. 

It hcnco appears that most rivers, in some part of their course, 
especially when swollen by rains, pc^scss velocity of current fiuffi- 
cieut to remove sand and pebbles ; as do also somo tidal currents 
around pavficnlar coasts; but \.\r^i rivers, luid y.\oi,t ocvv^-.-.k c\:;-- 



Ho.led by Google 



AMOUNT OP DENUDATION. 119 

rents, can rcraove only ttio finest ingredients ; and as to largo 
bowJdtTS, it wouiJ seem tliat only tbc most violent waves and 
iiioutitain streams can tear tliem up, and roll tbum along. 

Oceanic cui'reiits have the power greatly to modily the situation 
of the materials brought to the sea hy rivei's and tides, and to 
spread them over surfaces of great extent. 

Thus the wa.tera of the Amazon, Btill retaining fine sediment, are found on 
the surface of tlie ooean 300 miles from the coast, wliere tbey are met by 
tliu tquatorial cuin;nt, wtiich runs lljere at the rate of four miles p^r hour. 
Thus are these waters carried northerly along the coast of Guiuna, where an 
extensive depo!iIt of mud hoa been formed, which exteada an unkr.otvn dis- 
t.ince into the oeean. In like manner the mnddy waters of llie Orinoco and 
other rivers are swept northerly. Scoretby counted 500 icebci^s stalling 
from the fiv)zen regions, at one lime, lor tlie soulh. Doubtless a gieat [>art of 
the Banks of Newfouadlaud is produced by the deposition of the materials 
from these bergs. 

Of the above agents of erosion the ocean has, witliont donht, 
buen by far the ipost potent. It must be boriio in mind, that onr 
present continents, certainly North America, have boon several 
times submerged beneath the ocean, and again elevated above it 
by slow vertical movements ; so tliat every part of these countries 
has been again and agaia subjected to the long- continued action of 
the waves and currents; in other words, every portion of the sur- 
face has been repeatedly tJio shore of the ocean, against winch its 
waves, tides, and currents, have impinged as fiercely as tbey now 
do. During the Silurian and Devonian periods the surface, com- 
posed of rocks of that ago, must have been beneath the ocean. 
But during the Carboniferous period, large portions at least must 
ha»o been above the waters, to fiirnish the gigantic vegetation 
which was converted into coal. Stibsequently (hat same surface, 
ill some countries certainly, must have gone down to receive the 
thick marine beds of the Oolite and Chalk. During the Tertiary 
period, there appeara to have been soniotimes an alternation of stU 
find fresh water deposits. But subsequently it setms the ivbole 
of our western continent was submerged, and then a2;am mscil 
essentially to its present height. 

AMOVKT OP DESUDATrON 

Tfio great amount of denudation that has been the result of 
these several ai^encies may b« learned by the following facts : 
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1. The great abundance of loose materials, often hundreds of 
feet thick, Ihatarc spread over tiie surface ahuost everywhere. 

2. Tiie evidence of the action of existing agencies. Upon sea 
coaste, cliffs are rapidly woni away ; along rivei-s, deep goi'ges and 
\alleys are excavated. In districts where tho strata are hut slightly 
inclined, outlying precipices and isolated hills were once continuous 
i>ith (.ath other. So vast has been the denudation, that we must 
i,all m the aid of the ocean in addition to rivers for it3 accom- 
plishment Such a process has gone on, for example, in the 
Palaeozoic rocks in the Appallachian coal basin, to form valleys for 
the Ohio nver and its tributaries ; also in the Mcsozoic rocks of 
the Connecticut river valley ; where probably 1,000 square miles 
of surfeco have been denuded of sandstone to the depth of at 
least 1,000 feet. 

3. All the fossiliferous consolidated rocks, sis or sei'on miles 
thick in some places, are formed of materials eroded from older 
strata, stratified or unstratified ; and probably, also, all the strati- 
fied unfossiliferous rocks, whose thickness is of equal amount, 

4. The most strikingevidcnceof the enormous extent of erosion 
is found in the vast amount of materials that must be supplied to 
fill np defi lencips in tht straK We never doubt but tliat a goi^o 
m houzontal strata, (as B in Fig. 91), was once filled with sedi- 



ments connecting tli two siJ a So when we find the sinii, 
strati iipon both sid(.s of 1 1 alley of cin atton dippmg in opposite 
directions, (aa C m tho same figure), wo conclude that they onco 
were joined together, and ujou geological seLtions such former 
c^tenaion is nsuallv represented bv dottc 1 lines abo\e the prLsent 
sni-fi (, Another caae js il!iiBtiaf«d at A Aiallo^ his been 
excanted in nearly perpendicular strata \a this is not their 
normal position, wo endciior to ascertain their former extent 
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'riic aiiiouit of tioili-d matenil cmiiot be iscLrtaincJ as ai> 
'uiatelj IS "it C liec-iuse the !ioij,Iit of the origmal fold abova 
the prc&ciit surfdco is often a matter of conjecture Hence ivu 
< timjto n t iBerely the ^InouIlt sufficient to fill the ^JlleJ■, but 
Ihe probable tstent of the eoutyuous strata be ore their re- 
moval, 

TJlon fl cse principles Englibh geologists Li,\e tscertained that 
m bouth Wales, and the adjacent Epglish counties, a mass of rock 
from 3,000 to 10,000 feet thick has disappeared; inotherwords,thc 
country was two miles higher than it is now. A few measure- 
ments of this kind Lave been made in the United States. Tho 
junior author of this book has found that 5,000 feet of strata 
liave been removed from an anticlinal valley in Erattleboro, Vei'- 
mont ; and that nearly 10,000 feet of vertical thickness have dis- 
iippearcd from the suiiace at Shelburne Falls, Massachusetts. — 
See Final Report on the Oeology of Vermont. 

From these investigations it may be inferred that the matter 
torn fi'om the present surface was far greater than all which still 
remains above the level of the ocean. 

CIIEMICAI. DEPOSITS FKOM WATEK. 

C'lilcaTeous Tufa,,or Travertin. — In certain eircumstances water 
holds in solution a quantity of carbonate of lime, which is readily 
deposited when those circumstances change. The deposit is 
ealled travertin, or calcareous tufa. 

At Clermont, in Frauoo, a single tbermal spriug has deposited a mass of 
travertin 240 feet long, 16 feet high, and 12 feet wide. Ax. San Vignone, in 
Tuscany, ft mass lias been tbrmed upon tlie ade of a hill, half a mile long and 
of various thickness, even up to 200 feet. At San Filippo, in Hie same coun- 
try, a spring has deposited a mass 30 feet thick in 20 years. And a mnss ia 
found there, 1.25 mile in lengtli, one-third of a mile mdo, and in some places 
2D0 feet thick. In tlio vicinity of Komo, some of tho travertin can hardly be 
tlistinguished from statuary marble ; and that which is constantly forming 
near Tabreez, in Peraa, isa moat beautifnl varietyofBerai-transparent marble, 
or jdabaster. At Tivoli, in Italy, tlie beds are sometimes Irum 400 to 900 
fi^b thick, and the rock of a spberoidal structure. 

Marl. — Tlie only kind of marl now in the course of formation, 
is that deposited at the bottom of ponds, la!;es, and salt water, 
known by the n^ma of shell marl ; and which consists of carbonate 
of lime, clay, and peaty matter ; aa has been desciibed in a pre- 
ceding section. Tha iiiiirls i:i Iho Iciliaiy strata are frc<jnently 
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induratod, and go by tlic name of rock marl, Uucli of the marl 
nsed in Virginia, and other Southeru Statts, is composed mostly 
of fossil inai'ino siiells; and tliis is ntraa shell marl. "But tlmt 
iisiia!!y so called contains only a emali proportion of slidls ; the 
remainder being pulverulent ciitboiiatc of Jiiuc, except the clay 
and peaty matter, mised witb tlie carbonate. These beds of marl 
often cover bundrcds of acres, and are Beyeral foot thick. In Ire- 
land they contain bones of a large extinct species of elk, as well as 
shells of C'jprU, L'jmnma, Valmita, Ci/das, Planorbh, Ancjclus, 
etc. The marls of this country contain ehcUs of Planorbis, Lynu 
nwa, Cyclax, and other small fresh-water molluscs. 

A p:irt of thesa tnarla is probably a chemical deposit. Carbonate tif lime 
is Hcarcely soliiUe In pure wator, but is aljuntlantly eolablo in ivutcr ini|iret;- 
natcd willi carbonic acid. Yet Wi^i excels of acid iseusily expellt-d, and tiicn 
the salt will be deposited in a pulveruJetiC Ibrm, tliilesa there be tome ne^Da 
why it should be crystalline. As marl beds eliicfly occur io tlie vicinity 
of limestono, it is easy lo Burmiae the origin of the carbonate of lime. Tl^e 
tributaries convey it in solution from the ledges into tlie pond. There the 
constant evaporation of the water causes the dUaoIvcd portion to fall to the 
bottom. Molluscs add tlieir ehells to the mass, and at length a thick de- 
posit will l>c formed. When the pond ia drained or dries up^ die mar! maybe 
feathered. This procesa may suggest the origin of many of the limestofies of 
tliB older series^ as the maris used only induration to resemble tliem com- 
pletely. 

'Siliceous Sinter. — Thermal waters alone contain silica in solu- 
tion to any important amount. The most noted of these arc the 
Geysers in Iceland, where a ail icions deposit about simile in diame- 
ter, and 12 feet thick, occurs ; and those of the Azores, where ele- 
vations of silicions matter are found 80 feet high. The stems and 
leaves of the fi'ailcst plants are converted into Biiiter, or covered 
with it. Thermal springs, also, not in volcanic regions, as on the 
Wasbita river, in this country, and ia India, deposit a copious 
sedimont of silica, iron, and lime. 

£oj Ores. — The numerous deposits of tbe hydrafed peroxide 
of iron, or bog iron ore, so widely diffused, may originate from 
springs, from the fossil shields of animalcUla, or from the decom- 
position of beds of iron ore or pyrites. A popular theory of the 
origin of bog ore is this: Waters containing organic matter 
from vegetable docav, reduce to the state of protoxide the per- 
osido of iron dissemi;iated through sediments, and thus dissolve 
it. Tiio o!;i'gcn of tbe air tbcn poroxiiiizing the ii'on, it is pre- 
cipitated from the water r.B the hyUriitod peroxide. Under various 
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circumstances of cliango, it mny become iron <ire of various den- 
sities and compositions ; and tlius is explained tlie origin of iron 
ore of every age. 

B(^ manganese, or Wad, ia almost as widely difFitsed tliroua:h the rocks as 
tlie peroxida of iron ; but its quantity ia ao emidl tliat it exerts but a slight 
influence in produeitig ceol<^fal (Ganges, and will therefore be parsed over 
wiiliout description. The same remark will apply to sulphate of lime, car- 
bonate of niagneaa, cliloiide of ealisum, et«., which occur ia moat natursd 
iviitera, and sometimea foroi de|x>3its of ranall extent. 

Pelroietira, Aaplialium, etc — The great amount of bituminous matter with 
^^-liieli eerfaiu springs are impregnated renders them deserving of notice aa 
existing causes of geological cliange, capable of expkjtiii^ certain appear- 
ances in tlie older rocka; many of which are highly bituminoua. In the 
Burman Emfare, a pTOup of springs or wella ai ouo locality jdelded annually 
400,000 hog.'lieads of petroleum. It ia also tbund in Persia, Palestine, Italy, 
and the Doited States. In thia counlry it haa the n:ime of Seneca Oil, from 
having been early ol>aervod on the sur&co of springa at Soneca, in New York. 
It ia thrown up la cou^derablo abundance, also, at the salt l>orings on the 
Kenawha river, iu Ohio; where a fbw years ago a lai^e quantity of it, float- 
ing on the Hurfaco of a small stream, tiiok Are, and tlie river for half a mile 
ill extent appeared a aliect of flame. A deposit of coal oil near TiinsviUe, 
(Jiawfbrd county, Penusylvaaia, upon Oi! Creek, is now (IStO), attracting 
niucli attention. 

In Palestine the Dead Sea. is called the lake Asphaltites, ttom the asphal- 
tum which formerly abounded there. But the most remarkable locality of 
bituminoiB matter ia the Pikih Lake, in Iho island of Trinidad, in the Weat 
Indiea. It is three miles m ciroumference, and of unknown thickness. It ia 
sufficiently hard to sustain men and quadrupeds ; though at some seasons of 
the year it is soft. 

Mineral pitch waa a principal ingredient in the cement used in constructing 
the ancient walla of Babylon, and of tlie lemple in Jeruaalem. It liaa lately 
been employed in a similar manner, and it is said very successfully, to fiirm a 
tomposilJOu for paving the streets of eidea. 

Tlie various bitumens are produced from vegetables by the 
piocesses by which these arc converted into coal iu the earth. 

Hence the bitumens that rise to the sorface of springs, or form 
inspissated masses on tlic eartli'a surface, or between the layers of 
yocks, are supposed to bo produced fi*om vegetable matters buried 
in the earth; and to be driven to the surface by internal heat; 
and tlie iaet that such deposits usually occur in the vicinity of 
active oi" extinct volcanos, gives probability to this tlicory. 

Phenomena of Springs. — Water is very unequally distributed 
among tlie different slrata ; some of them, as the at^llaceous, being 
almost imperviouB to it ; and others, as the arenaceous, admitting 
it to percolate through them with great facility. Hence, when 
the former lie bimeath the latter in a nearly horizontal position, 
the lower portio:ib of the lattur will bacoiiio rese.voirsofthis fluid. 



Ho.led by Google 



124 ARTESIAN WKLLS. 

Hence, if a valley of denudation cuts through these pervious 
and impervious strata, we may expect springs along tiioir junction. 

In Fij;. 92, ifB, B, bo tlie pervious, and G, 0, (he impervious sIriIo, and a 
vnlley of denudatiOQ has been excavated in them, we may expect springs at 
E, E. If a fault occurs wliero pervious and impervious stiata join each otber, 
tUo water will be accumulated in the lowest poHJon of the pervious strata, 
and wo may expect to find a spring at L. 

And vice versa, tlie geologist can sometimes discover tlio line of a fault by 
the occurrence of minetai springs, where nothiDg else ki^eatea iti 
at Clio surCica. 




In many paria of the wor! J if the strata lie penetiatcd to a con- 
siderable dopih by boring, water will rise sometimes with great 
force to the surface, and continue to flow uninterrnptedly. Such 
examples are called Artesian Wells, from having been first die- 
covered ia the province of Artois,in France, the ancient Artcsiiiro. 

The tbecwy of these wells is simple. Id Fig. 93, aiippoao llie stratum M, M, 
to be pei'vious to water, wliile tlie rocks above and below, A, A, and B, B, 
ore unpervious. The result is, that all tlie water whiiJi accumulates in tlio 
Btmtuni M, M, will press (oward tlie lower part of the basin. If now an 
opening be mdde at any place lower tli'ui the outcrop of the stritum ti o 
water will be forced al«vc tlie surf ice m a. jttj by lij drostatic pressure, and 
aa artesian well will be the eonseqjcncc 
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■Weinfer from this theory: 1. If any water beariugslratum, passing utiilcr 
a place where boring is attempted, rlsea higher at any point of its prolont,!- 
tiun than tlie Burface where the boring ia made, the water will rise abovi. tJ it 
eurfece, and it will fall aa much below that suifece as is the level of the high- 
est part of the pervious stratum. 

2. Hence borings of this sort may fail; first, because no wafer beariig 
stratum is reached ; and, secondly, because that stratum does oot n% high 
enough above the place to bring tlie water to the surface. 

3. These explorations have proved tliat subterranean streams of ii iter 
exist; someof which have a communication with the water at the surface 

Examples. — At St. Ouen, in France, at the depth of 160 feet, ihe borer 
suddenly fell a footi and a stream of water rushed up. At Toors tlie water 
brought up from the depth of 3T4 feet fine sand, vegetable matler, and shelll 
of species living in the vicinity, which must have been carried to that depth 
witiiin a few montlia preceding. In Westphalia the water bi-ought up aeieral 
small fish, although no river existed at the surface wiliiin several leagues 
The twrings in the United States prove that cavities contahiing water cxi^l 

Depth of the Borings. — One of the deepest wells in this country is at I oui=- 
villo, Kentucky. It ia 2,086 feet deep. It dischai^^ea 330,000 gallons of water 
every twenty-four hours, which rises to the height of 170 feet above the snr- 
fbee. Tlie aperture is three inches in diameter. Tlie water is much warmer 
than the average of the surfiice wafer, being 76j*, and it is unaffected by the 
exfernai temperature. In Columbos, Ohio, one of Oiese wells was 1,858 feet 
deep in December, 1 858, and ia said to Iiave been carried several hundred 
fcot lower since that time. In Paris there is an arteaan well at Grenelle, 
1,800 thet deep, and capahle of producing l*,000,000 of gallons of water 
daily. At Niondor^ in Germany, there is one 2,247 feet deep. In the Duchy 
of Luxombourg, an excavation was made several years ago, to reaeli s, 
stratum of salt water, which had been carried to the depth of 2,336 feet, 
in 1847. 

Natural deserts may sometimes be clianged into regions of fertility by these 
wells. Several wells have been bored in the Llano Estacado, in Texas, but 
we believe witliout much success. Upon the great desert of Sahara, in 
Africa, five of tliese wells, called " Wells of Gratitude," have been excava- 
ted, to the great relief of the nomadic tribes roaming there, oa well as of 

Thermal Springs will be conadered elsewhere. 

Mineral Springs. — All waters found naturally in the earth eon- 
tain more or less of saline matter ; but unless its quantity is so 
great as to render tliem unfit for common domestic purposes, they 
are not called mineral waters. 

The ingredients found in mineral waters are the sulphates of ammonia, 
soda, lime, mi^uesia, alumina, iron, zinc, and copper; the nitrates of potii^n, 
lime, and magnesia; the ciilorides of potassium, sodium, ammonium, ba- 
rium, calcium, magneuuin, iron, and manganese; the carbonates ot' potassa, 
soda, ammonia, lime, ra:^neaia, alumina, and iron; the silicate of iron; silica, 
strontia, iithia, iodine, bromine, and organic matter; the phos^phoric, fluoric, 
muriatic, sulphurous, sulphuric, borarac, Ibrinic, aeecio, carironic, creuic, and 
apocrenic acids ; also oxfgon, nitrogen, hydrogen, sulpliurefed hydrogen, sod 
carbureted hydn^o. 

Theory. — Many of the above ingredients are taken up into a 
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state of solution from fJie strata through which the water perco- 
lates ; others are prnJuced by the chemical changes going on 
in the eaith, by the aid of water and internal heat; anil others 
are evolved by the direct agency of volcanic heat. 

Salt Springs. — The most important mineral springs in an econ- 
omical point of view are those which produce common salt. 
These are called salines, or rather such 15 the name of the region 
through which the springs issue. They occur in various paits uf 
the world ; and the water is extensively evaporated to obtain tabic 
salt. They contain also other salts ; nearly the same, in fact, as 
the ocean. 

Some of ihese springs contain less, but usually they contain more salt, tlian 
the waters of tiie ocean. Some of Uio Clicsliire springs in England yield 
25 percent.; whereas sea water rarelj contains more than 4 per cent. In 
the United Stales they contain from 10 to 25 per cent. They are found iu 
New Yorli, Ohio, Virginia, Pena^ylvania, Illinois, Michigan, Missouri, Arkan- 
sas, and Opper Canada. 450 gallons of the water at Boon's Uck, in Missouri, 
jlelds bu^eioT suit; 300 gallons at Conemaugh, Penn.; 280 at Shawueo 
town, ID, ; 120 at St Catliarine's, U. C ; 76 at Keoawha, Vs. ; 80 at Grand 
River, Arkansas ; 60 at Muskingum, Ohio ; and 41 to 45 at Onondaga, K. Y ; 
S50 gallons of sea water jield a bushel at Nantucket. In Ohio 1,300,000 
busbds of saJt were manutactured from these sprites in 1S55. The spring 
in New York yield anuually about six millions of bu^els, and tlioae in Vir- 
ginia three and a half millions. In all these places deep borings are necessary, 
sometimes even as deep as 1,000 teet; aod usually the brine becomes stronger 
the deeper the excavation. 

Origin of Salt Springs. — In many parts of Europe, salt springs 
are found rising directly fi'om beds of rock salt, so that their 
origin is certain. In this country, beds of rock salt have been 
found in Virginia, and they doubtless exist wherever salt springs 
occur. The springs in this country issue almost invariably froiii- 
the Silurian rocks. 

Gas Springs. — Carbonic acid, and carbureted hydrogen, are the 
most abundant gases given off by springs. They sometimes escape 
from the soil around the springs, over a considerable extent of 
surface, and produce geological changes of some importance. 
Carbonic acid, for example, has the power of dissolving calcareous 
rocks, aad of rendering oside of iron soluble in water. It cou- 
tribates powerfully also to the decomposition of those rocks th^it 
contain feldspar. Carbureted hydrogen is sometimes produced so 
abimdantly from springs that it is crnplojed, as at Fredonia, in 
Now York, in supplying a vill^e with gas lights. At Charles- 
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town, in "Western Vii^iiia, and iu ronicroy, Oliio, it is so abundant 
that it has been employed for boiling i3oivn tlio salt water tliat k 
driven up by it witii great force. In almost all tlie States ivestof 
IS'ew England tliis gas rises from springs in greater or less abund- 
ance, generally from salt springs. 

Origin of Hiese Gases. — Some of these gases, as carbonic acid, arc given off 
most ab'iadaotly fromspringsbi the viciullij of voluattos; and In sucli a case 
tbere eau be no question out they are prodoced bj decompqsitkws fiom vol- 
canic heat. When tliey jiroceed ftora tlieraial Sfirings, tliere is a j^ioU doiil 
of reason lor believing Hiat internal heat may liave produced tiiem. Bat 
where they rise from aprin(cs of the common temperature, (hey must freiierally 
be imputed to titose ciiemicnL decompositions and I'ecoin positions tjiai often 
occur in the eartii nitliout an elevattd temperature. .Although carboretod 
hydrogen nia,y sometimes proceed from beds of coal, it may also proceed from 
other forms of earbonaceous matter; as Ironi bitumeu disseminated througli 
the rocks. 



By Surface Geology is meant tijc liistory of iho saperficial de- 
posits which liavc accumulated upon tlie earth since the tertiary 
period. It is the geology of the Alluvial Period, AVe liavc al- 
ready described the agencies which have produced the effect?, aa 
existing causes are adequate for tho wort. The facts arc first 
stated, and then tho theories. 

The most general division of t!io superficial deposits is into 
Drift and Wodifieti Driil. These may be subdivided into four 
periods, viz. ; 

I. Drtjl. n. mdified Drift. 

J. The Drill Period, 3. The Beach and Sea Botloni Period, 

3. The Terrace Period, 

4. The Historic Period. 

Tho agencies which prodooed all the different forms of Alluvium were at 
work in e«oh of these periodB, and are still in operation. The second period, 
for example, eiiibra<^s tho time when most of the deposits formed were 
beaches a,nd eea l^ottoms. But these aconuiulatitHis liave al»j been made in 
tlie third and fourth periods, though not so abundantly as lerraces. Hence 
each period receives its name from tbe predominant Ibrm of tlie deposit then 

There is a great diversity of views In relation to Surface Geology anious,' 
^poli^sts. We present tho suhJLcC in the ligiit ivhicli, after much study and 
obsenation, appears to ua most probable. 



Unaltered or unmodified drift is a mixture of aljraded materials, 
iuch as bowlders, giavcl, and sand, blended confusedly together, 
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nnd pilci] up hy some mcclianical force tKat lias puslied it along 
over the sui-Tace, , Yet in some places tlio Hiaterials are somewhat 
stratified and Isminated, as if liy ivator. In otber cases we find 
luoro or leas of an alternation of finer materials, sucli as sand and 
grave!, with the coarser iinstratified accumulations mentioned 
above. 

All the great bowlders scattered overtlje surface belong to the 
unmodified variety. Some of the bowlders are scratched, thus 
showing coUiaion with other roclcs. 

A common variety of (Irift ia tlie lojiilder rHay. Tliia I'a ft hcterogonoas miTi- 
ture of a, stiff, dark-bluiali clay, with roanded and BtrLiled peliblc's and bowl- 
ders of all Kzes. It ia very coiamon to flpd it exposed on Uie banliB of 
streania wliieb are bo preoipitous as to prevant the growtli cf VBgotatLoii upon 
Ihem. Marine sliella are foond in tiiis clay in Scotland and England. Gen- 
erally tbo sheila are cniahed to fragment^ which are more or less eomminnted. 
About liiir^ apeiies havo been fijiind, most of wliieh live in ihe vidoity at 
tlie present time, but a fow of them are more bore;d Sn tlieir character, 
being- adapted to the climate of Iceland or Grt-oniund. 

TIio coareo dril^ lies upon some older formation, though some- 
times deposits of clay or sand intervene. It is usually succeeded 
upward by legular siratified deposits of the same materials, which 
have been reduced to a finer state, soi'ted into finer or coarser 
layers, and deposited in more and more delicate layers as wo 
ascend. These deposits, mainly horizontal, may bo called Modi- 
fied Bri/l. 



Fig. 84 illustmtes the portion of tho 

^ 1. unmodilied drill; e. g.. lying unoonfomm- 

3i^S^C?iSps^S3aS t lily upon Silurian roeki^ and overiaid by 
^'^^''^^^^ modified drift. 

ii > . \N?*t a Driftiaenaly dislinguislied from the Bub- 
'1'/, Silurian atrato,hlgia7lacliDtidi jacoJit tcrtiaiy Strata,.by superpOSilloD, by 
7/b, Drift ; {]j^ marks of a mueli njiffe powcrlnl me- 

te, Modifloa Drift ebanicat ageniy io its production, and by 

the abi^Mieo of otjianie remains ; for probably In most cases where oi-ganie re- 
mains have been reported in dnft they have been derived ffOTU modified drift. 

We can see from the preceding remarks that it is not easy to 
say preciaely where is the line between drift and modified drift; 
but it is easy to distinguisli between the coarse irregular beds of 
bowlders, gravel, and sand, lying immediately nptm the older rock, 
and the fine stratified deposits of clay, sand, and loam, that lie 
innch higher, and frequently form the banks of rivers. We can 
see that the latter have been produced from the former by the 
comminntiogj sorting, and re-depositing power of water, as the 
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chief agent ; whereas wo can haully acconnt for the ibrination of 
the coai'so rfiift witlioiit tlio aid cf iee in somo form. 

Disperaion of Drift. — It is n cliaTacteristic cf drirt, by wliich it 
is distinguished fi'om disintegrated rock, tlmt it lias been lyimoveii 
fi'om its origiiTal position, it may be only a, few rods, bnt more 
often a great mayy miles. And by tbe bowlders and trains of 
gravel and sand wh... 'v. it has left along tlio way ivc can- trace it 
back to its origin. 

In tho dispersion of drift we find the evidence of two distinct 
phases of aclion, which may, however, have been tlio result of the 
same genera! cause, operating in different circumstances. In tbe 
first case, the drift has been caj';-ied out from the summits and 
axes of particular mountains along tlie valleys, and eprcKd over 
the neighboring plains. 

Aq example of tfiis mods of dispersion exists in the Alps. Tho bowlders 
there have usimily been conied down ihe vallejs, and Ihej exist in tlia 
greatest abundanua opposite the lower opening of those valleys. 

Nortliem Seimdinavia is onolher esanipla of a centre of dispor&ion (be 
drift. Norwegian bowlders are Snind in a southwest direction, in England 
and Denmark ; in a southerly direction they are found ia Fmssia ; east aud 
noitJieast, in Rua^a, and nurtbcrl; in Rueaian Lapland. 

In the second phase of this action the force seems to, have 
operated on a wider scale, having driven the iiiiitcrials in a south- 
erly direction, over most of the northern part of the American 
continent, and over a part of Europe. It is probable, however, 
that if we conld learn more of the diift in liigJi latitudes, wbere 
the ground is covered with snow most of the summer, we should 
find a point beyond which the bowldera took a north direction. 
Indeed, in McClintocfe's explorations in search of Sir John Franklin, 
from 1867 to 1859, he found several examples in North Lat. 14°, 
where bowlders had been transported from 100 to 200 miles noi'th 
and northwest of the parent lock. If we conld bo sure that 
there is no mistake as to these facts, it would settle tbe question 
as to the northern direction of the drift on this continent. At 
any rate, we have reason to suppose that some of oar high moun- 
tain chains may have been centres or axes fi'om which glaciers, as 
in the A!ps, have proceeded outwardly. We attempt elsewhere 
to pro e tl at the range of the Green and Hoosic fifonntains in 
Ne V England once formed such an asis. Tht White Mountains, 
in New Ha lip 1 re, and the mountains of Essex county, in New 
"i L al o aj be found in future to have been such ooiitrcs of 
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Tlioi'o f.i-o tlirao general directions in which bowlders have been 
transported, in, tliis country : to the southwest, to tlio south, and 
to tho southeast. Thoso from tlie northeast to the soutliwest ara 
the least coiamon ; hence it is snppoaed that these wore trans- 
poi'tod the earliest. Those from the northwest to- tlio southcsist 
are tho most common. This course carried tho howldera very 
obliquely acrtffis tho precipitous ridges of.-lhc Green and Iloosic 
mountains, in New England, for example, without deviating from 
a right line. The laigest blocks usually lie nearest to tlio bed 
from which they were derived, and they continue to decrease in 
eize and quantity for several miles ; sometimea oa many as 50 or 
60, and not unfrequently even 100 miles, though usually the sea- 
coast is reached short of that distance. Tho islands off tho coast 
are covered with detritus derived from the mainland. 

In the Western States largo bowlders of Aaoic packs are found Ecatlered 
over Sibnian and Devonian slratoj and are signifieantly called biet rodis. 
About Lake Superior, the bowlders li^ive been driven in a sonthwesterlj lii- 
reotion. Aroniid tlie Lalte of tlie Woods tho course ia iiearlj^ from norUi to 
Eoutlu 

The distance to which bowlders have been driven from their 
native beds in this country is very great. In New England they 
have been traced rarely more than from 100 fo 200 miles. In 
Ohio and Michigan, Azoic bowlders avo very comnwn, which have 
been transpoi'ted from the region of the great lakes. This would 
make their longest tmnsit from 400 to 600 miles. 

Hence the dispersion of bowlders may be of great service to the geoli^ist. 
For if fvagments of a peculiar kind of rock are found in any disiricL end it is 
wislied to know their source, by following the direction of the driit eurrentj 
es indicated by striated roolis la the vicinity, llie parent ledge will be found. 

In passing to the eastern continent, we find, as already stated, 
that on the eastern coast of England the drift came from Scandi- 
navia and from Scotland. On the west side of England, Ihe 
bowlders were cairied from the northwest to the EOtitheast, The 
dispersion of blocks from several local centres, as Wales, Ben 
Cniachen, and Ben Nime, seems to be independent of that more 
general force, apparently marine, that swept southeasterly over 
the whole island, and also over Ireland. 

The drift of Scandinavia reaches as. far east hs the TJralian 
mountains. Siberia is said to bo mostly free from it. In northern 
Syria drift phenomena have been ohssrved. Bowlders of grecn- 
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stone lave been traced BOutlioily sixty miles fioiii their source, ea 
far ns Eeinif, about 3^° North Lat. In Soi^tli Aineiica, beyond 
4 lo South Lat., transported bowlders show themselves hi Chile 
and Pat^oiiia, where they Kcem to have traveled hi an easterly 
and westerly direction. Eiioj'mous transported blocks have also 
been found in British Guiana. 

Sise and Amount of JErradc Bowklen. — Frequently the siirrace 
is almost entirely covered for many square miles with large Irans- 
portcd blocks of stone, which are but little rounded. 

The Viilly parrs of New England illuatrale this slaternent. Also in easfem 
Massachusetts, near t le eoist unmoditieii drift i8 un iiually cotnniDD i g la 
will give some idei of a. desoIaCe laud^uipe near bquam, in C loucosCer 




The TJeedle n ountain 

the bot 

oek Crdlsd Pisrre a Bel, 



H.,t.db, Google 



132 



SHIP 



OCK. 



g 40,00!) cnb'c feet, near Neutblmte), on tlie Jura. It has been Cran^ 
ported f.oia ueur Madignj, more than GO mllis, across the (treat valley of 
Sivitzerlnna. ProK t'oi'bys describes a bowlder Li tlieAlpaCafcot in diamcttc, 
contaiiiii^ 244,000 cubic feet. 

In tliia oouutry bowldera occur of equol dimensions. In Danvers, Mass., 
there ia one called Uie Sitip liock, shown in Fig. 97, and wliicli is tbe property 
of tbo tCBsei Somety of Hotural History, 
rig; 91. 




•Kji R<Kk. 

On the top of Hoosic Wonnta n n Nortb A dnms, Maasaclrasetfs, is a bowl- 
der orgTJnte e- led the Yen onifr ivliioh weikIis 510 tons. It basbeen 
tranaportv,d fro n Oak HTIT -leroqs a Talley 1,300 fcet deep. The Grestt Maan- 
toiii Qiata % repreae tad n Pn; 93 It ia 40 Ibet lorR, 36 feet widB, and 2T 
feet Iiijrh, !md it ireigba 3,400 tons. TliU lias also been brought across a 
TiJley 1,000 feet deep, from rlio orest of the Green Mountnina. It is now 
tecated nnon a mtwntnin in Wliilinsfiaii, Vermont. 

At Fall River, Mnaaiohusett'i, there win a bowlder of conglomerate, which 
oriainally ivo[ffhed 6,400 tona, or 10,800,000 pounds; but it ts all nsed up fur 
building porposes. 

Efec-ts of the Drift afjencij upon Ledfies.—Ona of tlie most ro- 
inarl;al>l(! effcfts nf drift action is Iho sinootliing, roundino;, 
scratch it iT, and furrowing of the Siirface of riwks in plaee. Leilgos 
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that arc suaceptible of polish are sometimes aa smooth as poHahed 
marble. Universally the ledges over wliich the drift materials 
have passed are more or less smoothed and rounded. 

A earefiil oxamination of the moHnfaim of New England sliowa that 
their north, . nortlieaatorn and nortliwostern sides are worn and rounded 
througiiout. An interestinft example is Mount Monadnoc, in New Ilamp- 
sliiro; which is the more strikiDfr, becaase it is mostly nalted rook. The 
Burliice of the mounttdn is very nneven; but tlie protttberancas are nearly 
nil rounded, and few are left angular, e^ieept on the southeastern side. 
Tlie axes of the intervening hollo^vs usuallj' correspond ceaily to the dlrac- 
lionof tliostiiaj; so that the surface appears like the swell of the ocean after 
ft storm. Seen in a eerlain dirPOtion these swells appear like domes. Fig, 99 
will give some idea of a spot on the southwest part of tliis nionnliun about 
five rods square. Tliis nppearanoo corresponds precisely with that in the 
Alps, denominated by Saussure rocftes moatonnees, produced by glaciers. 

AVIien rocks or mountains have been tbiia acted upon, we can 
easily see wiii'eli side 5iaa been etruek by the denuding force, be- 
cause that side is rounded or embossed. In Sweden this ia called 
tlie «(os»or struck aide. The other is called the he side. 

Unless tlicsc emoothcd and rounded ledges have been decoin- 



Ho.led by Google 



x;mbo5sed uocks. 



J, Yt 






ili'i.Hiiii 




H.,t.db, Google 



posed upon tliuir surfaces, tbcy nro covered with sfrice, usually 
parallul to oiio anotliur, and indicating tlie exact course of tho 
drift agency. They are rarely met with on pure limestone, unleaa 
the rock has been protected by soil ; on account of its great lia- 
bility to disintegration. Most of tie coarse granites ami con- 
glomerates, as well as gneiss, arc bo much decomposed at the 
sui'face as to have lost al! traces of these Diarkings. Greenstone, 
syenite, and porphyry are frequently lounded and smoothed ; but 
the markings are usually faint on account of the great hardness 
of the rocks. Ledges of talcoae, micaceous, and argillaceous rocks 
retain the strife most distinctly. Were the rocks of the Northern 
States to be laid bare, nearly half of the surface would show 
marks of this scarification. In New England tho proportion 
would be much greater. 



3, with no striSB upon them, we can determine the 
direction of tlm lorce bj which they have been rouiideii, by iiacertainiog 
winch is tliB 8(033, and whfch the fee ade. The bosses can hardly lose their 
form by the ordioaiy natural agenla, because they act upon the whole surfece 
ei:|iia]lj. Drill action is chicfiy distinguished from aqueousaction upoo rocks 
by tlie great evennees and unilbrmity of its erosJon. Waler wiU amootli 
locks, but not unilbraily over so great Guriuces. 

Caro must be taJren by ihe observer not to confbund drift fiirrows and 
stri» with those jtroovcs on the surface of rocks produced in tlie direction of 
t!ie cleavage pliine3,.or the planes of strati Bcation, by the unequal diantejrra- 
tion of the harder and softer parts ; nor with the fiirrowa between tho veins of 
Kcjjrogation, praduced in the soaio manner. 

The drift strise vary in diroctioti from northeast to southwest 
and northwest to southeast. Multitudes of esamplcs may be 
found all over the country dii-ectc<l to every conceivable point be- 
tween these two courses. Of these the first are probably the 
oldest, and the second the most recent. In New England the 
first set are found principally upon elevated peaks. Those from 
woi'th to south are found at all altitudes. 

In general, these stria; do not alter their course for any topographical fea- 
ture of lliB country. They cross valleys at every conceivable angle, and 
even if the striae run in a saUey for some distance, when the valley curves 
tlie slri» wili leave i(^ and ascend liills and mountains, even iliousunda 
of feet iilgh. But these stria are never found upon tiie eoulh sides o( 
mountains, unless for a part of Ihe way where the slope la small. Mt. ilo- 
nadnoe, of New Hampshire, is an illustiiition of these slatementa. It la a 
nuked mnss c^mioa schist, 3,2a0 feet liijli, lising like a cone out of an nndula- 
tiag coantJ7. And from top lo bottom it has been scariflcd on its northern 
and Weston) aides, Indicated by atriie running up the mountain, at first eorith- 
casteriy, and at tho Inp at S. lO" E. Tlierc are deep furrows and other pliou- 
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omena upon tlie summil; and the etri* conlitiuo a slioi-t distance upon tlio 
sou them slope of tlio mouiitiiin. 

Rai'cly do the strite appear to have bccu iufluencei! in tlioir 
coui'se by tlie general ioatures of t!i« country. lu general, in 
great nortli and south valleys, they correspond to the axia of tlio 
valley ; as, for example, tlic valley of the Connecticut, where most 
of the stria) run north and south. Upon the valleys of the La- 
moille, Winooski, and Missisco riverjj, in Vermont, the deflection 
from tJie usual course is quite marked. These rivers croas the 
Green mountains nearly at right angl s, running, therefore, about 
east and west. Upon the elevated land, averaging about 2,003 
feet above the valleys, the striaa have a general southerly direction, 
bnt at tbo bottoms of the valleys they have an easterly direction, 
ranning up tlie stream. It is as if, when tlie highest peaks of Uio 
Green mountains were islands in tlic glacial ocean, a great icebei^ 
was accidentally caught in one of these valleys, and was forced 
onward in an unusual direction. 

Sometimes there are several sets of striie crossing one another at 
a small angle, the lines of each set presei'ving their parallelism. 
Cases where two and three sets cross eacli other are quite com- 
mon, the augle of intersection ia sometimes as great as 45°. 
Upon Isle La Motto, in Lake Champlain, there are eight distinct 
directions of the striie; the two most widely separated runuing S. 
8° W., aud S. 65° K. 




Fig. 1 00 reprraenia drill atrL*e upon a slab of Trenton limestone from Slioi 
liim, Termont. Tiila slioivs two nieta of much intorest : first, wo have he 
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broad soratcbes, deviating Irom tlio comraon toiiraG, ami at kngth tGrmlnating, 
i'jst aa would bo doiie by a kiuau peblilu wadmiujf to ouo Bide uud tinaliy ooui- 
pk'tely crushed beiioalli the heavy graver. 

The sQinmit of Mouut IRjljoke, ia Massaehusetta, wliicli lias been very 
much abraded by the ageuoy uiidur eou^deration, sometimes preaeiits insu- 
]aU.d I ummocLa of i^etisUi x-eojhliug tf e saLksolnobl, descrUjedby 
Selutroom, as bIiowq ai ^ 101 




Sometime^ mstooj of stn-B, we fltid the satnn t cf i n ti n 
ploughed into deep furrous, uLich enlarge o is t Jorm Iccp 
p'iialld valleys. 

A moat re naritable example of tbis kind is tl>e smnm t of Mb nt Holvoke 
meotionCBl above, This is a narrow very prcupilous ndfre o preen tcme 
nsing 700 or 8U0 feet above tbe valley of the (.onnectmt o d Iv ng, a tl e 
curvilinear direction aliown in Fig. 102, where the line N S represents the 
meridian, and corresponds to the direction talteii tJierebytle ntt irhrfi 
struck the mountain from llie north. On that side the mo nl n a i neirly 
perpendicular wall of rock. Yet the aummit ia mtersected th numerous 
grooves and valleya in tlie direction of the linea JV,A,A AN'- from a f w 
inches to several hundred feet deep. And not only do e tee I e ma ks of 
nbraaiou in the lioltoms and on the aides of these Tallcys, but tlie ^ct that 
tlioy preserve their paranetism ao perfectly, a]thoi^li tlie rro ntd n curves so 
much, shows that tiiey were produced by some abrading aeeiicy rather than 
by Uieor^nal structure c«* elevation of the monntaiii. For !md they resulted 
fl-om tl>e hitter causes, we niisbt expect them to change their course lo the 
lines B,B,B, as the mountain continued to curve mora aiid more. 

These (iirrows and vallej'S must be imputed to the Joint action of ice and 
water. If wafer nlone were concorned, the vnlloya could not hnve so nearly 
preserved their parallelism. Indeed, unless Uie lai^re valley around the 
mountain had been filled with ice, It Is diBicalt to see how streams of water 
could have flowed over its summit SO as to produce these valleys. Ice alone, 
moving over the top, might hsive bejun tlie work, (and this would eiplain 



Ho.led by Google 







It appears that in all cases the Btrim, furrows and valleys, &nt 
have been described upon the surface of rocts, correspond iii 
direction to the conrse taken by the drift, and tliua t!ie tivo classes 
of phenomena are proved to liavo resulted from the saino general 

Transport of Drift from LoiBer to Higker Levels.-~~Tha em- 
bossed and striated rocks show that in some instances the drift 
has been transported from lowerto higher levels. On the noithem 
slopes of mountains the strise run from the bottom to the top, the 
course being shown by the stoss side, without cssenti;dly chang- 
ing their parallelism. The slope up which the force has carried 
materials may be as great as 60°, as illustrated upon Mt. Monad- 
noc. The bowlders which have been carried up to the tops of 
these mountains will remain to attest this truth. AVc need only 
refer to the Green Mountain Giant and the Vermonter to confirm 
this statcinent. 

Ledges Fractured by Glacial Action. — Sometimes the end or 
aide of a ledge of a rock bears evidence of having been subjected 
to a crushing force, which has broken the strata into numberless 
fragments. Many quarries of building stones and roofit!g slato 
show this action, which, of coupsi\ lia^ greatly injnred their value. 
Fii;. 103 represents one of these fractured ledges where the 
crnshing force must have come from the east, in Gnilford, A'er- 
mont. The liickness of the crushed fragments is twenty feet 
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Similar cnsea are foniiJ olsaivburc in Vermont ; near Niagara Falls, 
in New York ; at Mid JicflolJ, and Loiveli, in Wassaciiuaetts ; at 
Newark, New Jeraey ; in Wales at.d Scotland, etc. 




^^^gf'^S^' 



Tiieao fractured lediroB are difficult to explain. Wliere the strike of llie 
cleavage is at right angles to the direction of the valley, it may be supposed 
that a ghider formerly descended the valley, breaking the strata, and pushing 
them downwards. In other cases it miglit be explained by the joint action 
of Irost aod gravity. If we suppose that wal«r percolates into crevices, and 
freezes, it might separate the layers ; and if a heavy weiglit of snoiv and ice 
had aeeumiilated upon it, gravity might produce a slide. But lliis will not 
expliun all the phenomena. A more probable theory is tliat huge icebei^ or 
glataers of great weight crowded along the surface might crash aod displace 
Uia strata to a considerable depth. 

Trains of Bowlders. — Rarely tlio bowlders derived from a single 
loeality are arranged in a line or in several lines streaming off in 
the direction in which the drift agency operated. Such bowlders 
are not much rounded, and they lie uoon the surface of the com- 
mon drift, not being mixed with it. 

Fig. 104 represents one of these tr.iins in Berlrahlro Coitntv, JTa'Sichnsett'". 

The mountains from whioh the angular blocks of hard talcose slatfl have 
been torn ofi; lies in Cannan, New York ; and from thence tlipv lie in tmins, 
running for a few miles S. 68° E., and then changing to S. 34" K , and os- 
tendini yet flirthcr, making in the whole distinee not less thnn fifteen or 
twenty miles ; at least one of them eTtends thit dt'rtanoe, pas.'iing obliquely 
over mountain ridges some 600 or 800 f -ot high. Ita width is pot more than 
tiiir^ ot forty rods. The blocks are of all sizes, fro™ two or three feet in 
diameter to those cotttaiuing 16,000 oabie feotj and weighing nearly 1,400 
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tons ; and in soma places they almost cover the surface. The trains lie upon 
tiie surface of tlie common drift, and are not rnised with iL Aa analogous 
ease, one mile long, is in Huntington, Vermont. 

We incline, npon tlie whole, to regard these trains as Oaars, to 
be described under Modified Drift. 

Vertkal and Horiiontal Limits of the Drift Agency. — The 
drift f^Snc]^ was mainly confined to the colder regions of tbe 
globe. In America it extended to the fortieth degree of latitude 
from both poles. TJpon the eastern continent tlie sontliern limit 
is variable, reaching, in one case, to the thirty-second dejrree of 
north latitude. In the southern parts of both Asia and Africa 
there is no A\\^ except where glaciers exist or have existed, as in 
the Himalayahs. 

The upper limit of the drift is a little over 5,000 feet in this 
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country. All tlie mountain peaks east of tlie Hocky 
Mountains are covered i>y its relics, except several 
Imndred feet of the conical summit of Mount Wash- 
ington, in New Hampshire. This suinmit is cov- 
ered with angular fragments of rock which have 
never been removed, except by frost. 

In some parts of Europe the drift j^cncy did not 
extend to the fops of high mountains, nor was that 
upper limit horizontal. In the Alps this upper 
limit varies from 3,000 to 8,000 feet, and its incli- 
nation is never quite three degrees. 

But the lowest level of drift agency is unknown. 
The stiiaj left by it are seen descending beneath the 
ocean, where it is impossible to trace them any 
further. The detritus from icebergs may cover the 
bottom of the present northern ocean, several 
thousand feet below the sui'facc, 

FORMEli EXTENT OF RLACIERS. 

The researches of Vcnotz, Charpentief, Agassiz, 
Guyot, Forbes and others, have brought to light 
marks of ancient glaciers in the Alps at a much 
lower level than those now existing, and in advance 
of them. The evidence consists of moraines, in- 
sulated blocks, and especially of smoothed, striated, 
and rounded rocks in place, produced by a force 
crowding down the valleys that descend from the 
summits of the Alps. 

The theory of Charpentier, Agassiz and others, is, 
that the great valley of Switzerland was once filled 
with ice, and the blocks were carried by its motion 
from the Alps to the Jura. Fig. 105 will show 
how small must have been the declivity, much less 
than is now sufficient to cause a glaj;ier to move, — 
none of them making much progress where the 
slope is not over 3°. Hence, Sir Charles Lyell and 
Mr. Darwin suppose that when the great valley of 
Switzerland was beneath the ocean, and the Alps 
were raised above it, and the Jura fo:mcd an island. 



Fig, 105, 
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tlio glaciers, descending from llio former into the ocean, sent off 
icebergs, loaded wiili blocks, wliich Btrandcd on t!io Jura. Eiit 
botli t'.ieorit'3 admit tlie former wide extension of t'ae A!pi;io 

Mt Suow'en, tlioliK^ieet peak in Wales or England, wss n center from 
wliicli elaciers Ibnnerly radiiited. Prof. RaiDsey proves tli.it tliese glatiera 
exist PiJ previous to the drift period, which has left ila deposits lo tlie lioi^ht 
otifWO feet above the ocean, and that otheiB liare existed since that time. 
The hi(5'i mountains of Scotland, Ben Cruadien, Beo Nime, Schiehallien, the 
Grampians and Ben Nevis, were evidently ouoe the seat of glaciers. There 
is also evidence to prove the former extenaon of the glaciers of tiia llima. 
Iflvahs, in India, tir beyond their prea?nt limits. 

- TliB traces of fiwincr pladers in the United StateB have been Ibund upon 
the Green Mountjuu range in Massachusetts and Vermont The eaat^'m slope 
of this ransee is twenty milea wide, while its western slope is muob more pre 
eipilOMS. Across this eastern slope several rivers have cut deip valleys, open- 
ins into (lie valley of Connecticut river. These streams run nearly east, while 
tlie high hills through whidi they pass show on tiieir summits the etrira and 
other phenomena of the drift agency. Tha diroctioa of these strite ianearly 
north and south, defleett'd ollen toward the easit from the south, and to the 
west from the north, a few degn^ But on the B;eep sides of the cast and 
west vaUevs, is another set of striie, running nearly east and west, formed by 
a force directed down tho vaUeys, as is proved by ihe Etosssideof theledjres. 
These could in no possible yay have baen produced by tbe drift agency, but 
they are preriseiy the eflteot that would be produced by glaciers sliding down 
the valleys towards Conneoiicut river from tha creslaoftlie range. The ex- 
amples in Masaachusolts are these: on Westflcld river, in Russell; near 
Huntlnft'on; also in Russell, on WestBeld Littlo river; at Sodom Mountain, 
in Granville ; an 1 00 Doerfldd river and some of its branches. In Vermont 
these anc«ot gbiciers existed on the headwaters of Deerfield river, in Seara- 
buT^; at Winiiliam and Grafton, on Saxlon's river ; on a branch of West 
river, in Jamaica; on theOlta Qncechee, in Plymouth and Bridftewater; on 
White river and its branches; at Hancock, on the wast »de of tlie ran^e, 
and elsewhere. It is probable that tl.is range formed a crest from wbich 
glaciers desa^nded on l)Mh side?, principally beK>ro tlio drill period. 

Traces of g^ciors in earlier periods have been supposed to exist. In Eng- 
land, strayed blocks wliitji can not be distinguished from those marked 
by modern glaeers b>ive been (bund in deposits of the Permian period ; and 
geologists have traced out the course of this ancient glacier, and find that its 
outline agrees with that of modern glaciers, and that its greatest length was 
Iburteen miles. 

In this country strin have been ibund upon Trenton limestone, in the val- 
ley of Lake Champlaiu, and at (lopenhi^n, Lewis count]-, New York, which 
appear to have been made during the deposition of the rock itself. Wo should 
suspect also, tli>m tbe great ^ze of tbe fr^^^meiits, that some of our Mesozoic 
coiielomerates were produced by something like drift s^^cy. 

Disti>ictions between the marks of Drift and of Gladers. — There may he no 
pereeplibls difference between the marks of driit and of ancient glaciers in 
many cages. But generally tJiey may be distinguished floui each other; and 
the following are the most important distinclioiis ; 

]. Glacier strife dififer often widely in direction iVom drift strife. The drift 
stria? may be referred to Lhreo general directions — to the south, to the south- 
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east, nnd to tlio southwest — while tlie placier direetiona are exeeediiip-ly va- 
rious, somi.'ti!jie8 coiociding witli, and often croaaiug IIiosb left by tlio drifl. 

2. Glauier striiB ooour ouly ia valleys, wliile the diift strile overtoy moun. 
fains] or, when found in valleys, may cross them obliquely 

3. Glacier stri* doacend from higlicr to lower levels, except in hmited 
spots, where tliey may bo horizontal. Drifl striaj as frequontly ascend 
mountiins liundrods of feel, and rarely descend to lower levels. 

4 Drill 13 spread promiseiiously over the surtace, and the blocks are a 
good deal rounded. The detriivia of shiciera more or less blocks up the val- 
loys, and the frapitnents are frequontly quite angular. Tliese, however, are in 
part covered with otiier materials, whicli liave descended itoiQ tho niouniaina. 



II, MODIFIED DKIFT. 

Wlioncver there ia evidence that the coarse drift Las been acted 
upon by waves, or currents, subsequent to its production, whereby 
the fragments have been rounded, commiiiutod, their striae re- 
moved, and those of different sizes sorted and arranged in differ- 
ent layers, wo call the mass Modified Drift. This term embraces 
what some authors call Pleistocene. 

It should be understood, that not unlVeqaently, esperaally near tho outer 
limits of drift action, we find beds of modiSed aod rearranged i^tratified ma- 
terials, beneath, and in the midst of course drift; nor is it poi'Sible in going 
upward, to draw a definite line between modified and uninodiSed drift We 
can ouly say, that usually the coarse drift lies lowest, and shows less effect 
rrom water than tlie materials lying higher in tho series. When we compare 
layers of tho deport at a cuBa(krablo Tertloal distance, the difference is very 
distinct, but not so wilJi tltoae in immediate proxunity. Hence it ceema cer- 
tain that drift and modified drift are the result of tlie same general causes, 
acting under modified condiljons of tha surface. 

Some statements as to tlie means of dlstinguisliing penuine drifV from mod- 
iflod drift, oceanic from fluviatilo action, and that of ice from lliat of water, 
will bo important, prelhnlnary to a description of Uie several forms of modi- 
fied drift. 

1. Dr.ft proper is tho lowest part of the alluvial formation. 2. The frag- 
mcnts ara coa.rsi.r and hsss rounded than in modified drift. 3. Tlie fragments 
are frequently striated in one direction, as if held firmly, say by being 
fraien into ice, and pn^ied over a rocky snrfhce. 4. The materials are not 
peneraliy Eortod, though thera is evidence often that water, as well as ice, 
wmi acting upon drift, during its production ; so that in the ssme mass we 
llnd one portion mised coufbsedly together, and another portion more or loss 
stratified and laminated. 

1. In modified drift the ihigments are rounded, sntooHied, and more or less 
desUtuta of strite. 2. They are sorted and arranged in layers; the coarser 
and finer altenuting. 3. In the mo?t recent of these layers, which are super- 
imposed upon the others, lhoui;h usually lying at a lower level, the finer do 
the materials become, until the almost impalpable powder of alluvia! mea- 
dows is meC 4. Tlie most recent portions are deposited in a more nearly 
horizontal petition; the surfiice becomes more and more level topped, and 
the terraces moi'o regular, as we descend the side of the valley. 

1. The deposits fcumed by the ocean arc generally more irregular on their 
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sarFace than tlioso from lakes and rivers, and lea3 perfectly straUfled. 
2. These dupoaits occur sometimes in positions (as ivlien tliey iVinge the side 
of a mountain, where there is no eorrespoDdii^ elevation op^ioisite), where no 
rivers on ever liave existed. 

1. Deposits by lakes and rivers are found on Uio sides of valleys, or wide 
basins, or at the ddnmehw^ of smaller into latter valleys. 2. These deposits 
usually slope downward in tiie direction iu whieli Uie river runs, aud at the 
same or a more rapid rata than the river. 3. FluvialJle deposits are gener- 
ally made up of more perfectly comminuted and finer materials than ooeanio 
deposits ; as if the former were made in more quiot waters. 

saes of ice are moved along 

surfeces of stratified sand imd 

i is obvious they will plough 

>r pile up a ridge iu front, and 

ways disarrange the layers. 

of ice might be mixed among 

posits, and produce irregu- 

the strata by its melting. 

Tlie eurrature in Fig. 106 may have 

produced Itt this way. 

on of a terrace in Newfene, Vt., shows how very 

need unoonformably to fine elay. 

ng ease in Palmer, Mass. Tlio cliff is mostly 

bon de s, J et in the midst of it aro deposits of line 





Depodtsof 



n wa er alone a o is gu ed by two e r 
cumsunces. 1 The mate aaeasaprnrafa a ang d o zo tal 
lavers a oi^l n some pla es of hm ted etten they mav be u d down 
a slope, and present a iammatiou cons d aby c ued T emit 9a a 
sorted into ^er and coarser, and arran d nto layers one abo e ano e 
often passing into each othiT by the mos de c te gradation H aa. er 
ever we find a depoat possessing both iiese characters, we may be sure U at 
it is the result of the action of water. 

Forms of Modified I>ri/l.— Modified drift occurs in the form of 
moraine terraces, osars, escora, ancient subaqneous ridges, ancient 
sea beaches and sea bottoms, and terraces. Stratigraphically they 
all lie above the unraodiiicd drift. 

Moraine Terraces. — These aro generally accumulations of modi- 
fiud drift, and aro often arranged in heaps and hollows, or conical 
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and irregular elevations, with corresponding ilepressions. Some of 
tlicm greatly resemble the moraines of glaciers. But tht^y differ 
from moraines by their structure, being often wore or leas strati- 
fled, and liy their position. Generally thej are not in loealitiea 
favorable to tlie existence of glaciers, though they commonly occur 
along the foot of hills and niouatains. As they arc often asso- 
ciated with or change into terraces, we call theni Moraine Ter- 
races, tlius iudiuatiug their affinities. 

In New En^and tliesa aocumulations are v^ common, and sometimes 
they are SOcroivded togetlieras to exhibit a picturesque appearanee, being 
made up of tortuous and conical elevations with deep iutervtuiiig cavities, as 
if Bimoped out by the liands of a Tilan. Tliere are remarkable esamplea in 
tlie vicinity of Plymouth, iu Massachusetts, and near the extremity of Cupo 
Cod, in Truro, where tkcy are Bometiiues 200 or 3O0 loot higli, InlTuro tiiev 
are composed wholly of sand, and they give a singular Bspeii lo 
Pig. 109 re] resents a smjll porliyn of tlje aurlJLe near wl ul 
Harbor in Traro 




SSefcS in THiro 



Fig 110 lihow^ 1 low of tamuli somn of them 100 feet high, a little south 
of tbo vllagpof Nortli Adams, m Miis'uhu'rotti.at thnfoot ofHomcmoiin 
tain. The large ni^ea in the background are made of tlio same malen ils ti 
tlie tumulL 

Moraine terraces are rtiuod in nther parte of North America, moro or less 
abundant, wherever t>iO drift is found. 

In northera Europe, also, and probably in all countries wliorc the drift 
agency has operated, similar accumiilaljona occur. 

It la an interesting fact that tliese picturesque mounds and depressions 
liave been cliosen as the sites of cemeteries. Tliis is the cnae at Mount Au- 
burn, in Cambridge; Monnt Hope, in Bochester; at Plymoutli, Masaacliu- 
Fetls, the oldest burymg ground in Kew England — at ITcwhuryjiort, Horth 
Adama, etc. 
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Osars or (EsaTS.-~Os in Swe(!ish, sij^nifies a pi!e of gravel, 
osai- is ita plural, though in English it is customary to iise it aa 
the singular. They are ridges of sand, gravel, and bowlders, some- 
times only a few rodp, and rarely a mile long', lying in the same 
direction as the striEe on the rocks in a given region, having a 
somewhat rounded bact, and not unfrequently proceeding in a 
train from the Ice side of a rock or hill. They (pern to have been 
formed by a powerful current, whieli [tccumuhited the detritus be- 
hind the obstruction in a tapering train, resembling in form an 
invei'ted eanoe. In Sweden and Russia tlioy embrace coarse 
bowlders, and become, in fact, mere trains of blocks. Sometimes 
they appear to liave accumulsted behind stranded icebergs, which 
R bseq cntly d sappoarc 1 asaho n l e, lU hh repre 
s Ttstle man er i vl ch a rem n Labi O&ar near tpsal 
S 1 n was proballv fo ued I th a casa t! e lo e ] a t s 
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sand and gravel, and the upper part a train of blocks, which pro- 
bably were deiived from the melted floe. 

Not many Oaars have been pointed out in Uiia country. Mens. Desor, 
however, who ia Emiiliar with aueh phenomena in Europe, spealis of Oaars on 
the Bhoriis of Lake Superior. We iuidine, aa stated on a previous page, lo 
brinff under the aaraa deagiiation tlioae trains of angular blocks whiub we 
huve described ia Berkshire Co. and Vermont, (See Fig. 104). 

Escars or Scieurs.— Tbosa in Ireland conaat cliielly of pebbles of carbon, 
iferous UniesWne hoaped into narrow ridgea forty lo eiglity feet high, and 
from ooe milu to twenty miles king, probably fOTmed in the eddies along the 
iimrginsof opposing and eonflioliDg turrents which piled up the materials from 
each aide. There are ridges of this character in lliis eoutitry, though the 
pebbles are of alt sorts of rook, yet we indine to regord them aa Kseara. 
TJiey occur in mmy parts of the country. 

Fig. 112 shows several of tlieae ridges as they occur near the Shawsheen 
river, in Andover, MasMchuaetts. One is called the Indian Ridge, and is a 
mile and a half king. The west ridge ia still longer. They are narrow, 
usually not more tii^n four or five rods wide, and from fifteen to tliirty feet 

Si ne of en a n pos d of a nd ind fin tr* ' b 
t e«hagl> rsnc^n i 




These escars arc finely developed in Aroostook coiitity, in Maine. 
They arc called "Horsebacks;" and one of them, between Wes- 
ton and Hoititon, is thirty miles long.and nearly straight, running 
north and south. 

Subaqueous Ridges. — These ridges are composed of sand and 
gravel, which differ from beaches and terraces, by having a double 
slope, which is usually gentle. They are found around lakes more 
Especially, as lakes Erie and Ontario, and arc there called "Eidgo 
Roads." In a longitudinal direction they vary considerable in 
height, although their general elevation is the same, llicy form 
fringes around the lakes. 

There are four of them on the south shore of Lake Erie, the lowest 100 
and tho highest 200 Ifeet liigh. There nro eight upon the north sliore of Lake 
Ontario, fom 108 to 182 feet in height. Thcae ridges, however, were not 
nscesaarily suhmaTiiie, us a large body of fresh water would produce lidRea 
iiot at all dilfeTOnl from llw! siibmiirino rid^s described by European Geolo- 
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gists. There is one of these ridges i 
NcwbuTyport and Ipswich, the higl 
being ^tual«il upun Ita sunimic 

Sea Beaches. — Along our coasts these are now in process of 
formation. They consist of sand and gravel, w!iti;h are acted 
npon, rounded and comminuted hj tlio waves, and thrown up intc 
the form of low ridges with more or less the appearance of strati- 
iication. "With them sheila and fragments of shells are usually 
associated, but not invariably. In passing into the interior from 
tbe coast, we occasionally see analogous ridges. A few of them 
are within 100 feet of the present ocean level, and no one will 
doubt their marine origin. But as we rise into the Iiigber parts 
of the country deposits occur whicli can not be distinguished from 
these recent beaches, except that tbey are sometimea much mutil- 
ated by erosion. Fossil shells have been observed in these beaches 
about 540 feet above the ocean level in this country, in the de- 
posits having the provincial name of Champlain clays. No fossils 
have yet been discovered in the highest beaches. 

The most distinct henehca occur below 1,200 feet above (]io ocean level. 
A very fine beach, however, is found on tlie west aide of ihe Green Mount- 
ains, in West Hancock, Vt., 2,136 feet liigli. Others still higher are in Pern, 
Uass., 2,022 feet; at tlie Francoma Notcli of the Wiiite Uountaina, 2,GG5 
feet ; and at the Notch of the White Moantaina, (Gibb's Hotel,) 2,020 feat 
Upon comparing tc^ther the heights of beaches in different parts of New 
England, we find a numtKr of them h.tving essentially the same elevation ; 
thus showing tliat tbej were formed eontemporaneou^ly. For example, there 
are beaclies in Ashfield and Shutcsburj, Mass. ; in Norwich, Corinth, Elmore, 
Hardwick", and Srownington, Tt, each 1,2DD feet above tiio ocean, and the 
most remote are nearty 200 milesaport Otiier sets might he named at differ- 
ent eJovations than this. OnMt. Snowden, in Wales, Uiehighest beaches are 
elevated 2,541 fjet[ In Switzerland, on the west shorocf I^e Zurich,. 2,105 
feet; at Scupsheim, 2,2T4fcet; and near Berne, 2,640 TecL There is aa in- 
teresting coast line in Scotland, parallel to its present shore, and continuoos 
around the whole island. It ia from thirty to filty feet above the present 

Stratigraphically, the beaches lie directly upon the onmodified drill and 
pro formed from its ruins. The striated and angular fragments of rock lose 
their markings and angles; they are reduced in siae, and stratified insuc- 
ceaaive laj-era of coarse end line materials. 

Sea Bottoms. — Extensive deposits are accumulating npon tlie 
bottoms of present seas and lakes, both of chemical and mechan- 
ical origin. These arc forming tt the same time wiih the present 
beaches upon tbe coast. If, then, we have foHnd ancient sea 
beaches more than 2,000 feet above the present ocean level, may 
there not be ancient sea bottoms to correspond with them 1 There 
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are deposits of great extent in our country, apparently moro or less 
connected with the beaches, which are referable to this class of 
accumulations. This will not confuse, the practical geologist, for 
be reflects that as tie country gradually arose from the ocean, tbe 
original sea bottoms would be brought to the surface, and have 
beaches deposited upon them inatiufactured from their own ruins. 
They occupy much more of the surface than al! the other foiins 
of modified drift combined. Many of the deposits called Pleisto- 
cene by geologists are ancient sea bottoms or beaches. 

Under this head we embraco aU those deports which contaja retnaina of 
pelagic animals; as, lor example, the lower parts of the Champlain clnys 
in CajiBda and Vermont. The same kind of deposits at liiglier elevations 
iiiaj not contain fossils. On the shore of Lake Erie, bj- rising about 
240 feet, the well-marked terraces disappear ; and from that level to 650 
feet the surface of northern Ohio presents the characters of ihcee ancient 
aea bottoma. A rise of water 250 feet above Erie, or 860 feet atove the 
ocean, would submerge northern Indiana, IJlinoia, Michigan, much of New 
Tork and Canada West, with much of WiscouKU and Iowa, all which ex- 
hibit more or leas of these sea bottoms. Tlie same is true of Ihe counlry nefir 
the coast iu Now England, especiall7 in Rhode Island and Massachusetts. 
The Pampas of South America and the Steppes of Siberia are afco of tliisclasp. 

The superficial character of sea bottoms ia a broad expalisa of level or un- 
dulating surface, composed entirely of water-worn materials. Many of 11 e 
"Western prairies, espedally those confined between ranges of nounlsins, 
may be taken for the typo. Fiaa clay and atei^ or loam, may compose mo; t 
of the materials; but bowlders and coarse gravel may have been dtcppcd by 
melting icebergs; and thus be intermingled with the finer materials. 

We introduce here the description of a series of depoats combiaing both 
tho sea beaches and sea bottoms. 

Champlain Clays. — From the mouth of the Kiver St. lawrence lo lake 
Ontario, and in the Champlain valley from Montreal to WhilehaD, N. Y., and 
thence to Hew York City, there are numeroua deposits of clay, ailt, saaA and 
fine gravel, more or leas abounding in marina fossils — moUuscs and monimB- 
lia. Along the sea-coast from Maine to the Gulf of Mexico, similar dtposits 
occur. These are called Champlain clays or Lawrentian depoatte, frtm Iho 
localities where Ihcy are best developed. Tliey extend as high as 540 fed 
above the ocean, at Montreal, and to 400 feet in the valley oi' Lake Cliam- 
plain. The lowest member is a tough, blue clay, containing fossil shells, which 
must have inhabited very deep water. Those inhabiting the deepest waters 
were Rrramim/era; snch remains as have been brought up by sounding from 
the bottom of the Atlantic oceatL These are in the very lowest strata, im- 
mediately overlying the bowlder clay. Some of the Epecles of shells ob- 
served are eitiocl ; as tho Xitcula I^Sandica and If. Jadceoni, etc. Thus 
the character of this lower member is clearly an ancieut sea bottom. 

Overlying tlie clay is a minture of clays, Band, silt and gravel, containing 
numerous species of littoral shells, sueh as are now found upon the soa-shore. 
The wost coalman are Sangainolaria fused, and Mya arewtria, the long ch'm. 
Remains of cetacea have l>een found in Vermont, and of other mammalia iu 
tho Southern States. Most clearly, then, all the banks containing (heee fos- 
Eils are ancient sea beaches, and the ocean level during this period has been 
sinking, and the land rising. 
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Terraces. — The term terrace applies to any level-topped surface 
■with a steep eacai'pnienf^ whether it be soliil rock or loose niiito- 
riajs. We limit it now to those banks of loose materials, gener- 
ally unconsolidated, which skirt tlie sides of tlic valleys iibor.t 
rivers, ponds and lakes, and rise above each other like ihe seats 
cf an amphitheatre. 




Fiif. 113 represents an ideiii Eceliou of a terraced valley, Aa wo rise from 
the river, its immediate bank, or tneadow, forms the lowest and latest ter- 
race, A, which ma7 be increasiay from year to year by alluvia! deposits. Oa 
the mar^n of the meadow we come to a sleep slope, or talna, whoso top, B, 
forma a sBcoad terrace. Very frequently tho lower part of tiiis second l«r- 
racB is composed of clay and the upper part of sand, or small gravel. An- 
other steep slope carries us to a tliird terrace, C, wlilcb is more UBually of 
coarser materials, but thoroughly rounded and mostly sorted. A fourtli ter- 
race, D, is still coarser, and the lop leas level. Indeed it is here, usually, tlmt 
we fiod those irrt^lar mounds and ridgea already described as moraine ter- 
races; that is, they occur upon the highest terraces, and sometimes where no 
terraces exist; but it is always along the base of mountains or hills. Rising 
above this we frequently llnii deposits, E, it may bo of sand, gravel, or coarser 
but watei^wom materials, not having a level top, but more or less rounded 
and reaching a certain level along tlie side of the litll. TItese are {lenerully 
at a great distance th>ia any eziscing streams, and could not have been pro- 
duced by them, though they were at a higher level than at present. In fine, 
these accumulations resemble beaches, such as now are forming on the coast. 
Still higher, as at F, we tind the unmodified drift, whiclilieaimmediately upon 
the solid rocks, aa at G, 

Two facta respecting the occnrrenco of tcrmocs are illus- 
trated in the last figure : 1. Tho drift underiits all the beaches 
and terraces, although it appears upon the surface at a higher 
level. All the strise made by tho drift underlie deposits of modi- 
fied drift, and are therefore older than the water-worn accumula- 
tions. The beaches underlie the terraces, and each higher terrace 
underlies each lower terrace, 2. On tho opposite side of tho 
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Tslloy we may or mr.y not find terraces and beaches. If we do, 
it is not often that ttey correspond entirely iii nambtr and heijht 
on the two sides. 

The namber of terracea on a river varies with ila size, Ihe lirgest nvera 
liaviog tha smalltet number. Thus, oa the ConnecticQt river, [he number 
rarely exceeds three or four; but on Eome of its tribulariea, ami llio"e not 
the lirgest, aa the Aatiuelot, at Hinsdale, Now Harapsbwe, and 'Wlietotouo 
Brook, in Eratileboro, Vermont, tbey rise as bii^h as teo 

The height above Hie streams which tlie river lerracea attain gcnfTtllv 
varies directly with the size of the river. The following are some ol tl e 
highest terraces that have been measured: on Connecticut nvtr at Temoo, 
Vt., 237 feet above tliB river, and 450 feet above the oceiii, at White Bn or 
Junction, Vi, 209 feet above the river, and 629 fcct above the ocean ; on 
Black River, at ProetoraviUe, Tt,, 150 feet above the river, and 1,038 feet 
above the ocean ; on Lamoille River, at Hardwick, Vt., 330 leet above tbo 
river, and 1,100 feet abovo the ocean; on trraieBseB River, at Mount Morris, 
N. Y^ 348 feet above tbe river. In Peru, Mass., there is a terrace 1,851 leet 
above the ocean. The highest of tlis lamous Parallel Itoads in Glen Goj, 
in Scotland, is 1,495 feet above tha ocean. Bobert Chambers has measured 
the heights ot twcntj-Qve Euccessivo terraces in this district. A. terrace at 
Rhinefelden, on the Rhine, is SOS t-jct above tbo river; la Switzerland tho 
lll^iest terraces are from 1,300 l« 4,350 feet above tbe ocean, but their great 
elevation may be due to Iho ciistcnco of former l>arriera of ice, producing 
basins, in which tha terraces were formed without Iho aid of the ocean. 

Terraces occur in basins There ia a series of them from tbe mouth to the 
source of a river. For example, there are twenty bams upon tbe Connecticut 
rivor between its moulh and source; and five baHua upon Winoodii river, 
in Vermont. Upon lakes and ponds there is but one ba^n. 'Diese basins 
may be connected with each other direcUy, or ba separated by rocky barriew. 
About such gorffef and obstructions, terraces are usually either higher, or of 
gi'cuter breadth tl an in other parts of the basin. 

River terraces usually slope toward the month of tbe stream, at the same 



There are four tinds of river terraces : 1. Tke Lateral Terrace, 
which is the ordinary terrace, parallel with the course of tho 
valley, and continuing for miles along tbe banks ; 2, The Delta 
Terrace, which includes not only the deltas of large etreams 
emptying into the ocean, aa the Mississippi, but the former deltas 
of tributary streams, now cut through by the lowering of the bed 
of the stream ; 3. The Gorge Terrace, which includes the deposits 
about the ends of goi^cs, intermediate in character between tbe 
first and second kinds ^ 4. The Olads Terrace, which is a ridge 
Eloping rapidly upon the side facing the stream, but gradually upon 
tho opposite side. They are most common in alluvial meadows. 
It will be seen that lafco terracts and luaritiine tctraces arc lateral 
terraces. 
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152 CnANGE3 IN BIVKI! BEDS. 

Terraces of modified driH occur along rivers to all parts of tlie worH. In 
Eou!h America, Mr. Darwin has dpstribed Bereral aloog the coast; mono 
part there were spven of them in the distaneo of 150 milea, riainit at letigtli 
to i|2(KI feet. Tlie great chain of lakee in North America haro Iheni. Prof 
Agisaiz epeaka of " els, ten, and eren BUeen In one spot, fonuirg as it wera 
the Bteps of a gigsntio aniphitheatro," ou the north shore of Lake Superior, 
Around the great Salt late in Utah, there are not leaa than thirteen lerraces, 
tlie lii^est 200 feet aboro the plain. In tlie vallef of the Uississippi the 
BoOom Prairie and the .Kiif are depo^fa of the terrace period. Tbe latl«r 
is Eomenhat consolidated, and contains iVesh water fosatls in abundaoce. It 
has been worn down by the river m many places, lea-ring perpendicular 
banks called bb/j^ wheoce the namo. It ia probably contemporaneous with 
tbo Lees» of tlie Rliinc, which is a silt w One calcareooa clay, wifliout lam- 
inaOon, cont^ning fresh water fossiiei and inteistralilled with beds of Toloaoic 
sshea thrown oat at intervals by the Eifel yolcouos, now exUnct, 

Ckanffea in Ike Beds of Rivers . — There are two kinds of deserted 
ancient river beds. Tfio first and most obvious arc depressions in 
alluvial meadows; connecting at the extremities with curves in t!io 
stream. Many of tliem were occnpied by the river since tbo 
memory of man. The second kind show a deserted rocky gorge, 
where once the stream flowed at a higher level than at present. 
The proof of such a change is found in the existence of pot holes 
in the roct, situated in a valley connecting with different parts oi 
the principal stream. 

In Orange, New Hampshire, on the sumtait leyol between the Connecticut 
and Merrimack rivers, tliere are pot hirfes 682 feet ahovc the Connecticut, in 
the lowest place between the two rivers. They are so situated as to indicate 
that the current flowed from tlie Connecticut to the Merrimack. A barrier 
probably existed at Bellows Falls, so high aa to Ibrce the Connecticut^ or a 
part of it, into the valley of the Merrimack. 

There is proof of the existence of rivers in different channels 
from the present upon a former continent. On the west bank of 
tbo gOT^e, three miles below Niagara Falls, for instance, at tbo 
Whirlpool, tbe continuity of the bank is interrupted by a deep 
ravine, filled witl> grave! and sand. This ravine can be traced to 
Lake Ontario, four miles west of the present mouth of the gorge, 
and must have been the bed of the river formerly ; for the water 
must have flowed in tlie lowest channel. When the continent 
was under water, this ravine became filled with drift materials so 
much that the river was forced to seek a new route, and since 
then has worn away tie gorge between Queengtown and the Falls. 

In Stratton, Vermont, there is a large pot hole upon the summit level be- 
tween the waters of the DeerSeld and Connecticnt rivers, say 1,600 feel 
above the latter. It is so situated as to make it necessary to suppose the ex- 
istonce of a current to the nortli, and there is no stream in tlie neighborhood 
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fiufflcionOy larga to have excavated it. As there la a valley, extending IVom 
Strattoii to Canada, with a general northerly descent, it is not improbable 
tiiat there may liave been, iii Mcaozoic or Palieozoic periods, a rivtr from 
southern Vermont east or the Oreun Mountains ta the St. Lawreooe, altiiou<;h 
saveral streams now cross tlii-5 valley tmtiEvcrsely. 

Frozen Deposits of Mtdtfied Drifi, (Fnaen WeVe,) and Ice Comma. — In 
Brandon, Vermont, m. November, 1858, a well waa dug through layers o£ 
gravel and marly clay, to the depth of thirty-Sve Ibet. After reaching a 
depth of about fbtirteeo fbet, a IVozen moss of the same materials waa parsed 
through, {li>:n twelve to fltteen feet thick ; then a few feet of unfrozen gravel, 
when w:vler was reached. During the winter the water waa frozen over quite 
hard, and for most of the summer ice lined the stones of the well several inches 
thick, and the temperature of the water never rose more than 2° or 3° above 
the Ireeiing poiut In the winter of 1859-60, tlie ice whioli in September 
lud disap])eared, returned. 

In Owe-'o, New York, a amHar well waa dug many years ago, in loose 
soil, seventy-seven tbet deep, which for four or five months in the year waa so 
frozen as to be useless. Anotber was dug in Ware, Masaacliusetta, in 1358, 
in gravel, thirty-live feet deep, which ItOKO over the following winter. An- 
otber is describijd in Lyman, New Hampshire. 

On the eaatom continent, in tlio Alps, the Jura, and the Ural MountiJns, 
are nuraeroua cavemi in the rocks, wiiere ice forms in the anrnmer, especially, 
otten ia auch quantity aa to be an article of commerce. In all these cases, 
the caverns liave two opening'!, one at the top the other at the bottom, Ititer- 
ally. This causes a ourrent of sir downwud in the eimimer, and upward in 
the winter. Tiiis current evaporates the. water upon tlio eides and floor of 
the cavern, and thus produces the cold; since eviiporation tiites up into u 
latent state nearly 1000° of heat. In the wmter the emporation is less, and 
tiie congelation leas. O.i this prindple, at Monte Teslaceo, in Rome, (which 
is a hiU 300 feet bigli, made up of broken pottery), excavations are made 
laterally, connected with chimneys, and thus fine ice hotisesare Ibrmed. 

Now, in the case of frozen wells, it seems aa if (here must be some Each 
circulation of air aa in these ice caverns ; and why muat there not Ijo through 
ilio lieJs of quite clean gravel that occur in the wells, and which sometimes, 
a.-! at Brandon, we can see cropping out at tJie surface ? The interstices must 
be tilled with air. and at diifereiit temperatures this mast have motion, even 
tliough slow. Tills would curry off tlie heat that rises from the earth's inte- 
rior, while the bed.i of clay near the surface would prevent the external heat 
from panetratiug for. Thus masses of gravel, frozen during the drill period, 
may have been yreserred to our day, ajid form a nucleus to which more tVost 
might be aildeiJ at certain soa-^ns of the yeals. Such an hypothesis is not 
without diftiaultiea; iBit the case of the ice caverns gives it some plausibility. 



The origin of di-ift has long been discussed by g 
was fonnei'ly thouglit tichavo been the rcsuitof the dolugo of Noah. 
But this view is now whoily abandoned by geologists, hccaiisc the 
remains of man and associated animals living before the flood are 
not found in it, and because the agency of water, and the brerity 
of the time involved, are inadequate to explain it There are 
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throe tlieoriua proposed to explain tlicso pliecomcna, which we will 
state biiufly, aiK! endeavor to coiiibiiio them into a fourth. 

The Iccherg Tlicory. — This theory imputes most of the phe- 
nomena of drift to icebergs carried southerly hy tlio cnrrcnts of tho 
ocean, while tho continenta where drift occnrs were yet beneath 
the ocean. As they were gradually raised from tlio deep, the 
mountains, which would form islands, would send down glaciers 
to their shores, and thus masses of ice would be broken off lo be 
floated away, loaded with detritus. As the icebergs melted, the 
detritus would fall to the bottom, and under varioiis circumstances 
would form all tho deposits of unmodified drift. By the strand- 
ing of icebei^ the moraine teri'aces, ridges, escars and osars wonM 
be formed. After the ocean had retired, lai^e bodies of water 
would remain in many places, and by gradual draini^o produce 
the beaches, terraces, sea bottoms, etc. 

Tlieory of Blevations and Earthquake Waven — This theory 
supposes the phenomena of drift to have resulted from the rise 
of large areas boneatli the Arctic and Antarctic oceans, where- 
by their waters bavo been driven southward over a consider- 
able part of Europe and America, bearing along masses of ice 
loaded with detritus. And farther, that there may have been 
a succession of vertical movements, which produced succes- 
sive waves ; so th;it the waters may have repeatedly fallen and 
risen again, nud while at their ebb they may have been frozen to 
the surface, so that as they subsequently rose, vast masses of ice 
may liave been (driven along, loaded with detritus, which may have 
been forced up declivities considerably steep, and thus the surface 
have been powerfully and rapidly abraded, and the rocks scoured 
and furrowed. This theory, somewhat modified, has been sus- 
tained with great ability by Professors II. D, and W. B. Kogers, 

The Glacier Theory. — This theory supposes that at tho close 
of the tertiary period there was a sudden reduction of the tem- 
perature of the surface of the earth, whereby all organic life was 
destroyed ; and in high latitudes, at least, glaciers were formed on 
mountains of moderate altitude ; indeed, that yast sheets of ice 
were spread over almost flie entire surface, extending south as 
far as tho phenomena of drift have been okserved. T!ie northern 
regions, especially around the poles, are supposed to have formed 
one vast Mer do Glace, which sent ont its enormous glaciers in a 
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Boatlierly direction by tlio fui'ce of expaiiiion ; and tlic advance 
and retreat of tliose glai;iera accumulated the moraines and pi'o- 
daced the striaj and enibossed appearacco {^loehes nioubmnees) 
upon the rocks. In Europe th-e centre of origin was in Scaiidio' 
avi a, whence tJic glaciera proceeded outward io all directions. In 
North America this sheet must have been 6,000 feet thick \ and 
by viciasitudes of climate, irregular retreats and advances of the 
glacial sheet would produce the martinga not coinciding with the 
first set. When the temperature was raised, the melting «f the 
immense sheet of icepi'odnoed vastcurrenla of water, which (\ould 
lift up and bear along liuge icebergs loaded with detritus, and tlma 
scatter bowlders over wide surfacos. 

Some advocates of this theory suppose that the continents were 
elevated several thousand feet higher than at present, thus reduc- 
ing the temperature, and that all the phenomem of drift ma^ bo 
explained by glaciers radiating from tlie summits, hke those i ow 
existing in the Alps. 

Modified drift, by this theory, is produced by the blocking up 
of goi^cs by moraines, thus forming lakes and ponds, in which 
clay and sand might have been deposited, and afterwards the 
barriers of those lakes, consisting of loose matter, may have been 
cut through, and the waters gradually drained off, forming beaches 
and terraces. 

And it is also held that, subsequently to lie glacial period, the 
ocean rose upon the land 600 feet, when the Charoplain clays 
were deposited. Thus this theory supposes an elevation of the 
continent, then a depression below its present level, and eiibseqiient 
return to its present height. The elevations iwe supposed to have 
been paroxysmal, 

Tllia theory was first suggested by Venela, a Swiss engineer; ihen advo- 
cated by Cliarpentier ; and more recently brought out io its fijll pmportiona 
h; Aga!!^ in Ills Etudes sw ies Gtaders, 

General ohjecihn. — Against all the preceding theories of drift 
there lies one general objection. While each one esphiins romo 
of the phenomena salisfactorily, it leaves others nnexplained. They 
are true cansos, but they are not singly sufficient. By combining 
all these theories, as far as possible, we may find a satisfactory 
theory, both for drift and modified drift, fi'om the close of the ter- 
tiary period to the present moment. 
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ffOUBTll TIIEOKT OF STJEFACK GEOLOGT. 

General Statement. — Since the tertiary period, those countries 
where drift and terraces exist Lave been depressed in a great 
measure beneath the ocean ; the United States from 2,000 to 
3,000 feet, England 2,300 feet, Scotland from 1,000 to 1,200 feet, 
and Switzerland from 2,500 to 3,000 feet. Ssbsequently they have 
been slowly elevated to their present levels, and drainage has gone 
on from tLeir entire snrfaces. 

Drift is mainly the result of these four agencies — glaciers, ice- 
bergs, waves of translation, and landslips — acting upon the surface 
while it was sinking beneath, and rising above the ocean. The 
Ibrins of modified drift were produced by tlie same agencies with 
the addition of rivers. From the close of the tertiary period to 
the present time, these operations have formed an uninterrupted 
series. We will now pi'csent a particular statement of the con- 
dition of this continent at the several divisions of this period. 

The Drift Period, — Near the close of the tertiary period there 
commenced, we suppose, a rednctioa of the general temperature 
from the sinking of the land. When snfEciontly depressed it 
would bring oceanic currents from the polar towards the tropical 
regions. If North America was now submerged, east of the 
Rocky Mountains, a current from the northwest would flow over 
it ; and if South America was submerged, east of the Cordilleras, 
a current would flow over it from the southwest. 

In connection with this gi'adual submergence, tating North 
America and the west part of Europe as an example, two causes 
would operate to reduce tlie temperature: 1. The Gulf Stream 
(the present cause of the higher temperature of Europe than the 
United States, and of the Atlantic coast above the interior) would 
be diverted from its present couree, and pass along the eastern 
base of the Eocty Mountains' into the northern ocean, and thence 
perhaps along the coast of Asia. S'. The current from the Arctic 
regions would be loaded with icebei^, which would be stranded 
along the shores, and so reduce the temperature. that probably the 
summer could not melt away the ico ; and ihe sea, like that around 
the poles, might be choked with ice as fiir south as we now find drift. 

As n consequence of thia acceM of coM, wliile the lantl was Finking- Klaraers 
woulJ form on monntains comparatively Jow, and wlisre Ihey do not now 
"" c wonld reach to the se,i, as they now do, in Arctic regions. 
'cebeigB that would be moved southerlj' in suoli cireum- 
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etancea would g;rate powerfully upon the bottom of the Eea, Bmootbiiig <md 
striatiDg the rocks, and especiallj projecting ledgea, upon tbeir norUicrn sides, 
produdng effecta which could be diatinguiahed alterwards only ivith diffieiilty 
from liose of gladers, except In the vast extent of country acted upon. 

The most reasonable theory of the transport of materials from 
lower to higher levels is, that as the land sunk, the stranded ice 
would be lifted higher and higher along the shores, and finally bo 
ni^ed upon and over hills and mountains, carrying detritus along 
with it. Much of the wort of smoothing and scouring down the 
ledges and accumulating the coarse drift was performed while the 
continents were sinking. 

When the land had sunk 6,000 feet, all the mountains east of 
the Rocky mountains were submerged, except Mt. Washington, 
and a few peaks in North Cwrolina. The glaciers now would 
be covered up, and the icebeigs be the only agency at work. 
Scarcely any form of life could exist among these icebergs, and 
only the hardier species when a greater cstent of land had risen 
above the waters. 

The land at length began slowly to emerge, and it seems to" 
have been raised as a whole ; that is, the whole mass was lifted 
together, so as not to disturb the relative levels of the surface, 
just as we know the continent of Soutli America has been raised 
some 1,400 feet, without disturbing the strata horizontally, or 
producing the smallest fault or cun'aturo. 

As tlie land rose the water would, to some extent, and in par- 
ticular places, sort and deposit the detritus worn off. And hence 
we can account for that mixture of mere mechanical accumula- 
tions and aqueous deposits, of wiiich the drift is composed. Es- 
pecially does it explain why, aa we approach the outer (mostly 
southern) limits of the drift, we find the deposit more and more 
stratified, and the evidence of glacial action gradually disappearing. 

By this submergence and emergence, every foot of surface must 
have been exposed to the long-continued action of waves, tides, 
and currents laden with ice ; and, consequently, a great amount 
of detritus must have been broken off. 

When the continent was parti.illy snhmerged, at both the periods of its rise 
and fall, it is eonceivabla that large valleys deviating from the usual direction 
of the eiirrents might inrfdenlally heoome filled up with ice ; and thon^h 
only a port of the whole force could have actpd upon those bcT^ts, acoordini; 
to the la«-8of the resolution of forces, yet it would be siiffioiont to produce 
all the etfecla of ordinary drift in an unusmil direction. In this oaae Hie drift 
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maj be Bsjfl to have been deflectGd ftora it3 usual course bj valleTS, Bilt 
Ihis iviil not expluin tie tliree general liireclious of drill, to ihe southweet, 
to the souili, aud to tlie southeast, tu New Kngland. Ibese, with all the 
minor iiit^rmediate variations, niu^t have been produced by variations in (hs 
directioQ ol' tbe piiocipal ciirreat at different altitudes of the cotitiiieut. 

The Beach and Sea Bottom. Period. — Wheu the land Lad risen 
to the level of the highest ancient sea-beach — about 2,600 feet in 
North America — the higher niountaina ivould appear as islands. 
Oceanic agencies would act upon these, especially in working over 
and reai'ranging in sheltered spots the angular and crushed fi'ag- 
menta of the unmodified drift. These would be sea-beaches : at 
first very limited, because the surface acted upon was small, and 
no streams of much size could exist to aid iii the wOrt. Every 
hundred feet of additional elevation ivould add to the number and 
perfection of the beaches. 

Tlie irregular accumulations described as Moraine Terraces ivcro 
formed at this period. If masses of ice were stranded against the 
sides of hills, and deposits of sand and gravel were mixed with or 
piled upon tbera, when the ice melted elevations and depressions 
of tliis character would result. 

The ancient subaqueous ridges might be formed along tbe shores 
of the ancient ocean, just as they are now produced in lakes and 
seas, Osars might also be formed by tbe currents sweeping de- 
tritus into the rear of obstructions, either of rock or ice, and es- 
cars along the eddies. Sea bottoms were deposited at the same 
time with the beaches, 

Pome writera have objected to (be theory, that the drifl, beaches, and ter- 
races, we™ produced in connection witli oceanic agencies, bccfluse no or-, 
gallic remiiins are found in tiiem. We reply ; 1. In unQ>odified drill in tfala 
couniry, tlie cUmate may have been so severe as to prevent the exittence 
of such animals as would have lefl; behind traces of tlieir being. Undoubtedly 
they existed at that Hme in other parts of thewiwid, btjondtiLC limits ol'ilie 
cold. 2. In the unmodiBed ttrift of England and Scotland, bioken and com- 
minuted marine sheila have been found ashigh aa 2,300 leet above the ocean, tlie 
upper limit of the depoat No one donbts tlie former presence of the ocean 
liiere; but this fiict has been only recently discovered. In this country 
broken murine sheila have been (bund 100 ft-et above the ocean in unmodified 
drift, nnd uninjured specimens more than 500 feet above the ocean in modilied 
ilrift. It mav be lliat these remains will yet be found in tlie whole of the 
unmodified drift, wlien more thorough osploratioos shall have been made. 
S. Pelagic Stella, or such as lite in very deep water, have been found at the 
lieieht nf 400 ftet in Qmada. Hence the ocean muHt have been nearly a 
thmiraind fret doep in the latter part irf the drift perit>d. 4. This deposit of 
pelagic shells lies Immediately upon the bowiiier clay. Now, had this day 
been produced bv a ftlneier. and not by the ocean, tlio country mast have 
Bunk at least 3,000 feet between llio depcsilion of the bowlder clay and iI;b 
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bauk of slielk We should then expect to fiad stratified layers between 
thum, liecimaa in so great a periud of time materials must have aj^rournulnted 
tliore. Besides, liow much Eiiiipter It is W suppose oiie eystem of rise and 
full of tlia coutinent, than lo suppose two suoh ByBlems of osdUation, as tha 
objectors must maintain. 

5. The beaches and terraces lie upou the unmodified drift, even in many 
gorj^ei where one would suppose a barrier might have existed. Hence all 
the lower forms of modified drift must hare been formed in estuaries of the 
ocean, for no ridge existed to dam up the waters. No one doubts that a 
beach or ten-aoa a few feet above tlie level of the ocean n aa originaily 
fbrmed by ita waters. Saw, Irom the lowest Co the highest beach there is a 
continuous aeries, lilto a suooession of steps. If tlio first is formed by tha 
ocean, tho second must be ; likewise the third, and so on to tlie highest. 

Let us look at this point in another \ight. As beaches are strdtiSud, tbo 
materials must bavo hmn deposited irom water. Now, when we find npon 
the side of a high mountain a stratified bank of sand and gravel, we know 
that some body of water njuat have existed there. But tho land elopes Irom 
this banli to the ooean, therefore the water in which these materials accumu- 
lated must have been oceaoio. There is no barrier whicli could have existed, 
higli enough to have separated this body of water from the ocean. Witli 
aoch proof before us, we can not hesitate to believe that all those deposits 
called ancient sea beaches must once have formed the margin of tho ocean, 
altliou^ there are no marine remains in tlicm. 

F13. 114 represents lieaches thus situated upon mount^na. a, represents 
a beach on the east side of Mount Washington, (A), b one at Franconia 
Nolcli, Hio liigliest yet discovered in Now England, c represents another 
beach ia Hancock, Vermont, on the west side of the Green ilon 




Jdfil Setaion <^ Seta Eaololid. 
G sitowa liio level of take Champlaln. Tho line 1, 1, sliows the level of tho 
ocaan when only tlie top of Mount Washington peered above the waters; 

2. 2, repreaenta lliu ocean level at tlie beginning of the Beach Period ; and 

3. 3, represents Ihe samo level at tlie beginning of the Terrace Period ; 4. 4, 
repi'esents its present level, in the Historic Period, and the base of tlie figure 
bUows llia level of tlio ocean ialho Drill Period aewwdiogtotl e Glaciil theory 

THE TEPKArc PERIOD 

The country lias now risen so tnucli tint tlie giLit i alleys are 
seen in outline. Rivers of considerable size ^n^l IcngtU begin to 
cany into the estniiries a lat^c amount of water worn mitenals, 
deriveJ from the washing of the drift an 1 the beaches, and form- 
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ing small deltas beneatli tlic surface at tlieir moutlis. Tides and 
currents would sweep tliis along the coaat, and after a time the 
tops of the deposits would be broaght above the surface, and no 
more materials could bodepositcd upon them by liveis ; hence these 
must pusli their detritus further into the ocean, and thus a new 
submarine bank would form outside of the first, and at a lower 
leTcl. When the second had reached the surface of the wat^r, it 
would be lower than the first, because the land had been rising dur- 
ing the process of its production. In the same way a third and a 
fourth bank will form in succession, and thus there is a series of 
terraces presented to view. These are delta terraces, and it is not 
essential that they should have been formed under the ocean, but 
wherever one stre.atn flows into another. 

The streams emptying into these estuaries would produce a 
current toward the oceau, which would spread the detritus along 
the shores in the same direction, and produce the lateral terraces, 
having a slope at least as great as that of the current. In order 
to form successive lateral terraces, it is only necessary to suppose 
the drainage and erosion to go on till the rivers have sunk to their 
present beds, which could not take place till the continent tad 
risen above the ocean to its present height, or the water had sunk. 

There is another mode in which lateral terraces might have been formed, 
and are now forming, where a stream must cut its way through alluvial ma- 
terials. Thn mere erosion would form terraces of equal height along the 
stream | or all tlie detritus on one EiAe might be swept away by ths stream, 
so as to leave a terrace only on the other side. But after a channel has thus 
been made to soma deptli, if a freshet occur?, the current will act power- 
fully upon one or the other of the banks, and sweeping Ihem away will form 
a meadow when the flool has subsided. In subsequent floods, this meadow 
will receive fresh accessions of alluviiil matter, and of course be somewhat 
raised up. Meanwhile the rivor is cutting a deeper and deeper channel, so that 
at lenjfth it can no longer rise high enough in floods (o spread over the meadow, 
which lias now become a second terrace, because the diiking of the stream 
by erodon would prevent the meadow from ever lising as high as the original 
bunk. Being no longer able to overflow the meadow, it begins ag^n, in t!mo 
of frealiet, to wear away the biinlc, and to form a second and lower meadow, 
wliicli ultimately becomes, as above described, a third terrace, and thus may 
the work go on and the number of leiTaces be increased, as long as the river 
can deepen its channel. 

Gorge terraces connect different basins together, being situated about goi^es. 
The current transporting materials toward a gorge would have its compass 
diuiinisiied by the narrowing of the basin, so much as to cause a deposifion 
of the materials near the gorge. However amall these accumulations way bo 
at first, in process of time, they might become even greater than an ordinary 
terrace. But the same current which transportad the detritus to the tapper 
pari of the gorge may have ita velocity g;catly iiicrenaod in passing (I'.rough 
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the noTTOw cliannel. Tliia would remove much sediment, wliicb would bo 
redeposited at tlie loiper end of the goi^, where tlie velocity of the current 
is diminished by oontact with the placid watera of the lower basin. Thia 
proceaa in many oases would go on only in times of freshets. 

Tho Glacis terraces may have boeu formed by the unequal deposition of 
detritus over tlie surlaco. Sometimes ttiey are mere modiUcatioiis of lalerul 
terraoea, or undulations in large meadows. 

"We Bee then that by the simple drainage of a country, including 
its rivers, terraces might be formed along the shores of the ocean, 
Jakes and the banks of rivers, supposing only a general slow and 
perfectly niiiform rise of the Jand or depression of the ocean. 
Almost all writers, however, suppose these vertical movements to 
have been by starts, with intervening pauses. At an earlier date, 
the prevailing theory was, that the terraces were produced by the 
bursting away of the barriers of lakes, and the sudden sinking of 
tho waters. These are quite natural suppositions to explain tho 
stair-like aspect of ten-aces. But in respect to river terraces, we 
have the following decided proof that no such paroxysmal rising 
or sinking Las produced them. 1, By such theories the terracca 
onght to correspond in number and height on opposite sides of the 
river, which is very rarely the case, although to tho eye it may 
frequently seem so. Neither do they correspond in number or 
height in. different parts of large lakes. 2. Where tributary 
streams have cut through the lateral terraces of the principal 
river, as they have often done near their mouths, the number and 
height of the terraces on both streams ought to agree. But the 
reverse is true. TJius, on Connecticut river the number of terraces 
is usually three or four ; but on some of its tributaries, as on the 
Ashuelot river, at Hinsdale, and Whetstone Brook, in Brattle. 
boro, the number rises as high as ten, and yet the uppermost is 
no higher than the highest on the main river. 

"We can, then, explain the formation of terraces without sup- 
posing the continent to have risen by a series of paroxysmal 
movements. They might have been produced by mere drainage, 
with a slow and equable movement. Yet we would not deny the 
phenomena of the bursting of barriers, or of sudden elevation at 
particular localities. For example, tho sndden rushing of the 
waters of Runaway Pond to Lake Memphremagog, by the bursting 
of the barrier, left behind two lateral terraces. And some have 
explained the Parallel Roads of Lochaber, in Scotland, by pauses 
in the rise of the country. Doubtless, also, there are other eases 
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where terraces have been formed by sudden elevation. But if 
river terraces have generally been formed without paroxysmal 
Diovementa, as they uiust have been, and if terraees on lakes and 
the ocean may have been produced in some casas by the drainage 
of t!ie country (as was the case upon Lake Lungcrn, in Switzer- 
land, by artificial drainage), it ia reasonable to siipjioso that such 
may have been their usual origin. 



We are now brought to the period when the country had at- 
tained essentially its present altitude. All the agencies tiiat pro- 
duced drift, viz., icebergp, glacici's, land'slips and waves of trans- 
lation, are still in operatiou in some parts of the world, and 
therefore drift ia still being produced. Ever since the tertiaiy 
period these causes have been acting, but their intensity has varied 
in different ages. 

The same is true of the agencies that have produce<I beaches, 
osars, escai'R, subaqueons ridges and terraces, viz,, the action of 
rivers and the ocean, combined with the secular elevation of con- 
tinents. In other words, the agencies producing drift and modi- 
fied drift have run parallel to each other from the very first. 
Hence they bofh are varieties of the same formation, extending 
from the close of the tertiary period to tlie present. 

The sections describing aqueous, igneous and orixanic i^encies 
contain the history of this period in detail. The Flora and Fauna 
are those now existing. 

Wan has existed on the earth a comparatively short part of the 
allurial period. We have a few records of the commencement 
of this period. Thei'e are many examples of river beds on a for- 
mer continent, which became so filled by drift and modified di'ift, 
while the continent was beneath tlie ocean, that when it emerged, 
the rivere were compelled to abandon the old beds and seek new 
channels. And the amount of erosion eficcted by them since that 
time is before our eyes. The goi^e through which the present 
Niagara river runs, between the Falls and Lake Ontario, seven 
miles long, is one of these cases. Another case of similar erosion 
is tiie Geiiosaee river between Portage and Slount Mori'is ; where 
it has cut a channel deeper, in most places, than that oi the 
Niagara, some fourteen miles long, Tliere are other examples in 
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will uoir cousider. 
AGENCY OF MAN IN PRODUCING GEOLOHICAL CHANGES. 

The human race produce geological changes in several modes : 
1. By the destruction of vast numbei's of animals and plants to 
make i-oom for themselves, 2. By aiding in the wide distribution 
of many animals and plants that accompany man in his migra- 
tions. 3. Bv destroying the equilibrium between conflicting 
species of animals and plants ; and thus enabling some species to 
predomJDato at the expense of others. 4, By altering the climate 
of large countries by means of cultivation. 6. By resisting tho 
encroachments of rivers and the ocean. 6. By helping to de- 
grade the higher parts of the earth's surface. 1. By contributing 
peculiar fossil relics to the alluvial de]tositions now going on, on 
the land and in the sea ; such as the skeletons of his own frame, 
tho various productions of his art, numerous gold and silver coins, 
jewelry, cannon balls, etc^ that sint to the hoitom of the ocean 
in shipwrecks, or become otherwise entombed. 

The best known examples of the entire extinction of the l^^r animals 
coeval witli man, and probably tlirough bia agencf, are tUe tbllowing : 1. The 
dodo, a bird larger tliau tbe turkey, wliich existed in Mauritius and the adja- 
cent ialands when they were colonized by the Dutch, 200 years ago; but it 
is no loiter to l>e found; and even all the stutfed specimens tliat were brougtit 
(o Europe are lost ; so that a head and a loot of one individual In tbe Ash- 
moiean mueeuni, at Oxfoi'd. and tlie li% of another in the British museum, 
are all that remains of it, except some fossil hoace lately found in the Isle of 
France. 2. The Notomis and Apleryx auetralis, of New Zealand, appear lo 
be on the point of extinction, if not actually extinct. 3. Tbe eleven Fpeciea 
of Dinomis fbrmeriy inbahitiog New Zealand, i The .^pwritis maxiraas, a 
bW larger bird, wlxise hones are found in Mada^^ascar. B. Tbe Great Avk, 
{ATca impemis), of northern regions, "existed in the last ceniuTy; no speci- 
men has been obtained witiiin Hie present." (Owen.) 6. The large Siro:iian 
animal, like the Manatee, called Stelleria, whieli formerly inhabited ttie sliores 
oC Siberia is now believed to be extinct 

In particular countries it is a more commcai ocenrrence for speciea to be- 
come extinct as the beaver, wol^ and bear in England. In this country tho 
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animals of the forest are disappearii^ or moving westward aa the (breals are 
clearing up, Sioce tlie diseoveir of Che island ofSoiith Geoi^ia, nil. one million 
two iiundred tliousaDd seal skiug have been annually taken from tlieuce ; and 
nearly as many more from tlie Island of Desolation, ilie animal ia becoming 
extinct at these islands. Some liavo maintained that the dimple of Europo 
ia very much warmer than in the times of the Roman Emperors, and have 
supposed that the extinction of animals ia caused by this change. 

FOEMATION OF COKAL KKEFS OB ISLAITDS. 

Coral reefs arc ridges of calcareous rocfe, whose basis is coral, 
(cliiefly of the genera Porites, Astnea, Madrepora, Meandi'ina, and 
Carj-ophyllia), and whose interstices and surface are covered by 
broken fragments of the same, witli broken shells and echini, and 
rand, all cemented togetber by calcareous matter. They are 
built up by the polypi, apparently on the tops of submarine 
ridges, and sometimes perhaps, thongh not generally, on the mar- 
gins of ancient volcanic craters, beneatli the ocean, not generally 
from a depth greater than twenty-five or tliiity feet, yet sometimes 
120 or 130 feet. The polypi continue to build until the ridge 
gets to the smf-jce of the sea at low wtter after which the sea 
washes upoa it fngments of coral, diift % ood etc an 1 a so 1 
gradually accumulate^ which is at length ociupied by anim Is 
w th man at their head The ixefe are sometimes arranged in a 
iircular manner, with a lagoon in the ceitre where in water a 
f w fathoms dttp, grow an abundance of delicate species of coials, 
and otber marine -animals, wLo'st, beautiful forma and colors rival 
the richest flowi.r garden Vulcinic agency oft«n lifts the reef 
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far above tlic waters and somctiiues covera ono reef with lava, 
which in its turn is eovered ivilii .iiiolhcr formation of coral. The 
growth of corai structures is so extremely slow that ecntuiies are 
required to produce any important progresa. The rate of increase 
is about half an inch per annum. 

Thediameter of the circular reefs has been foTind to vary from less 
than one to thirty miles. On the outside, tbo reef is usually very 
precipitous, and the water often of unlathomablo depth. Fig. 115 
is a view of ono of these circular islands in the South Seas, called 
AVliitsaiiday Isle ; so fer reclaimed from the waters as to he cov- 
ered with cocoanut trees and with some human dwellings. Fig. 
116 represents another of the coral islands in the Pacific Ocean. 




Tiea of the Inland qf Bottilmla. 

Thcao islels ooour abumJantly In tIio Pacific Ocean, botwoen the thirtieth 
parallula of latitirio. Tliey abound also in tlio Indian Ooenn, in tiic Arabian 
and Persian Gulfe, in the West Indies, etc. Usually ttioy are Bcnttcred in 
a linear m»uuor over a great extent. Tlma, on the easleni const of Ne\7 
Holland, is a reef 3S0 mifes long. LiaappointniBnt Tslands and DuiTs Groap 
are connected by 500 miles of coral rect^ over which the ca»Jvea can travel 
fromoneifllaodtoanotlier. Between How Holland and NewGninea is a line of 
reefe 701) miles tong. interrupted in no place byeliaiinelamore than thirty miles 
wide. A ohain of coral islets, 480 geographical miles long, has long been 
known by the oa-ne of the MaWivas. Some groups In the Pacifle, ns t!io 
Daogorous ArcLlpoL^c^ are from 1,100 to 1,200 luile^ long, and fiom 300 to 
400 miks broad. 

Deposits of the Skeletons of Infusoria, and Microscopic Plants. — 
It is surprising that skeletons of animals and plants, made of 
silica and iron, requiring thousands of millions to foi'm a single 
cuhic inch, shonld yet form deposits of considerable extent. At 
Egea, in Bohemia, there is a stratum two miles long and twenty- 
eight feet in thickness, mostly composed of Bhella of infusoria. 
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At Bilin, in Bolicmia, is a '^imihr sttatum, fourteen Let tliick, 
every cubic inch of ivLith coiitaii s 41, C 00,000,000 sLeletoiis of 
QttillconcUa distans, now generally TLgardtU as a mierosLopii, 
plant. TLo eity of Rii,bmoinl, A ii^ma, stands upon a stratum 
cf infusorial cartU twenty foet thick, as dcicnbLd by Professoi A\ 
B. i;<^ors. There ia scarcely a town in New Engl iiid which docs 
not contain extensive deposits of an^s^ua character 

Formation of Soils. — Animal and legetable sul)9tances, when 
buried in the earth, or the waters eoniLtirocH undergo in almost 
entire decomposition; r.t other tunes, this 13 \ety partial, lud 
sometimes the change is so slow that for years scarcily no if pa 
rent progrcps is made. Different substances «iil bo the lesult ot 
tlicse different degrees of decomposition 

Bcrzelms embraces all the organic matter of soils in the generic 
term kumiis. In some places, as on the western piaines these 
organic matters of soils increase so as t) foim n iayu eeieril ftet 
thick; but in general they are so much «ied in the nounshmint 
of plants, that tliey rarely become moro thin a few inches thieL 



Peat usually consists of soluble and insoluble humus, with a 
mixture of undocomposed vegetable matter and some earths. Most 
of it results from the decomposition of certain mosses, especially 
of the genus Spkagmim, which decay at their lower extremity, 
while ihc top continues to flourish with vigor. Trees and what- 
ever other organic matter happen to get into these peat bogs, soon 
become enveloped and assist to swell the amount. In some in- 
stances the beds have acquired a thickness of more than forty 
feet. 

In tropical climates, except on liigli lands, the decomposition of vegetable 
mutter is so rapid that it is resolved into its ultimate elements before peat 
can be prodaced. Hence peat is limitE^ chiefly \o the colder psrts of the 
Rlobe. in Ireland, the peat bogs are ssid to occupy one-tentli of the siirfiice, 
and one of them, on the Shannon, is fifty miles long, and two or tliree broad. 
In MassaoliuaetiB, exoluaive of the four western counties, the amount of pent 
lias been estimated at not less tiiaa 120 millions of cords; and probably this 
fills iu sliort of the actual amount 

By the long-continued action of ivator aud other agents, the 
humns of peat ia changed into bitumen and carbon, which consti- 
tute lignite and bituminons coal. In a few instances the process 
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of bitttiainization has been fouud considerably advanced id tbe 
beds of peat. 

Peat Ik^ are romarkaljle for tlieir antiaeptio power, or tho power of jire- 
serving auiuial substaiicea from pulrefaction ; sOLoe reioarkable caaea of whii/h 
BVo on record. 

Peat bogs sometimes burst tJieir barriers in consequence of heavy rains, 
and produce exteuKiva inundatioua of black mud. 

Tlio inureaae of peat varies so niucli uuder different drcvimstani-es, tlwit it 
ia of no use to atlempt lo ascertain ila rale of growth. On the o " ' " 
Europe, it is staled to have gained seven t^t in thirty years. 

Where peat ia formed in, or transported into estu^es, it is e 
cred witli a deposit of mud ; over this anotlier layer of peat forma, and ii 
tliis way several alternations may o 



Lai^e rivers, which pass through vast forests, cany down im- 
mense quantities of timber. When tlieso rivers overflow their 
b'inks, this timber is in part deposited upon tho low grounds. But 
much of it a!so collects in the eddies along the shores, or is ear- 
ned into the ocean. After a time it becomes water-loyged, that 
IS, 'saturated with water, and sinks to the bottom. Tims a deposit 
of entangled wood is often formed over large areas. This is sub- 
sequently covered by mud ; and then another layer of woo<l is 
brought over the mud ; so that, in tho course of ages, several al- 
ternations of wood and soil are accumulated. The wood becomes 
slowly changed iiitv what Dr. Macculloeh tcrms/oreKf ^a(; that 
is, peat which retains its woody iiber. 

The Missisaippi thrnisbes the ntoat remaiteble example known of those ac- 
eumuiatious. In consequence of some obstruction in the arm of the river 
called the Atchafalaya, supposed to have been fomjerly the bed of the Red 
river, a raft had aceumulaWd in thirty-five years, which in 1816 was ten miles 
long, 2!2l) yards wide, and eiglit leel thick. Allhough floating, it is covered 
with living plants, and of course with soil Similar mils occur on the Red 
river; and one on the Wasbita concealed the surface for seventeen leagues. 
At tbe mouth of the Mississippi, also, numerous alternations of drill wood and 
mud exist, extending over hundreds of square leagues. 

Similar deposits of wood and mud are found in the river Mackenzie, which 
empties into tho North Sea, and in the lakea through which it passes. At the 
mouth of the river, which is almost heyond the region of vegetation, are ex- 
tensive deposits brought from tho more southern region through whioli the 
river passes. 

A part of the dritl wood which is brought down tho Misassippi and other 
rivers, along tho coast o!' America, is carried northward by tbe Gulf Strenm 
and thrown upon the coasts of Greenland. Tlio same thing liappeiis in tho 
bays of Spitzbergen and on the coasts of Sii>eria. 
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In the history of common peat and drift wood, we see the origin 
of the beds of coal which exist in the older strata ; for it needs 
only that tbe layers of peat (in which term we include submerged 
drift wood) should be bituminized, and the intcn-eiiing layers of 
sand and mud be consolidated, in order to produce a genuine coal 
formation, Coramon marsh peat alone can have originated but 
a sniall part of the beds of coal. 

CONSOHDATIOV OF LOO&B MATKPIALS 
HaMiigdtscnbed a \aiii.lj of nituril pronssis h\, wh di i t 

sueh materials as form the tossililoroas rocks •\Ta pioduteii, it 

remains to inquire whether any igents are now in operation to 

effect their lonRolidation 

A considerable degree of sohdity is sometimi^s produced by 

mere desiccation. 

Wlien day is esposod for a long time to t!ie sun, it bocomos on hnrii aa 
Bome rooks: — ex. gr., the mai!)' clay dug from the bottom of Laiio Superior. 
Some rodo", when dug from a eonaiderable deptii iu the earth, in eo soft a 
state aa to bo readily cut wilU a kuife, bccomo very harl oa csposuro to tlie 
alLnospliero. 

Carbonat* of lime, conveyed in 9. state of solution among the 
loose particles of gravel, sand, clay, or mud, and there precipitated, 
becomes a very efficient agent of consolidation. 

Examples. — 1 . On the shores of the Bennnda and West India Islands, ex- 
tensive accumulations of broken sbells, corals, and sand, are formed upon 
the shores by tliB waves ; and these are subaequenUy consolidated, tVpqueiitly 
into very hard rook, by tbe infiltratloa of the water whicli contains carhonaCe 
of lime in solution. The famous Gnadaloupe rook, in whioh liuroan skele- 
tons, along- with pottery, stono arrow heads, and wooden oroamenls, aia 
found, is of tiie same kind. 2. The Mediterranean dolta of the Rhone is 
ascertained to be, in a good measure, solid rook, produced by the numerous 
springs tliM empty into it^ that contain carbonate of lime in solution. Tho 
same is true of other rivers on the Mediterranean, especially on the enst coast, 
where the anoient Sidon, formerly on the coast, is now two miles inland. 3. In 
I'ownal, Vt., coarse gravel is cemented by carbonate of lime. 4. The liag- 
ments of marble accumulating at the quarries, are sometimes, in fie lapse of 
a fow years, ceniented together as firmly as miu:ble, by streams of water pass- 
ing' over them, saturated Willi carbonate of lime. An example is in West 
Stookbridge, Uass, 

Another agent of conBolidation Is tho red or peroxide of iron, 
or rather the carbonate of iron, since the peroxide is not soluble 
in water without carbonic acid. 

KsMiPT.Bs.-— 1. On the northern coast of Cornwall, England, lai^o mnssra 
cf drifted Band havo been cemented by iron into rocks, solid enough some. 
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times to be employed (br building stones. 3. A similar case occurs on tha 
coast of Karamacia, and ot!ier parts of Asia llmor. 'J. In die Uuitsd States 
it 13 commoa to Had the sand andf^ravel of tlie drift and tertiary stiata more 
or less consolidated by the hydrat^d perosidu of iron. 

Silica dissolved in water appears to Jiave boon, in former times, 
an important agent in consolidating rocks ; but at tlie present day 
it secma to be limited chiefly to deposits from thermal waters, 
since it is only water in this condition that will dissolve silica in 
maeh quantity. 

Heat is an important agent in the consolidation of rocks, the 
most so when it produces complete fusion ; yet this is not neces- 
sary to the production of a good degree of solidification. 

In many of the cases that have been described, great pressure 
Assists in the work of consolidation. Indeed, it is sometimes euf- 
licient of itself to bring the particles withiu the sphere of cohesive 
;i (traction, 

GESERAI, INFERENCE, 

From the facta detailed, in this section, it appears that all the 
stratified fossilifcrous rocks of any importance may have resulted 
from causes now in operation. 

Proof asb ExiHPLES.— 1, Beds of clay need only to be consolidated to 
become clay slate, or shale. 2. The same is true of fine mud. 3. Sand, 
ooneolidated by carbonate of lime, will produce calcareous sandstcme ; by 
iron, ferruginous sandstone. 4. Drifl, in like manner, will form conglomerates 
of every age, Eceording to variations in the agents of consolidation. 5. Mnrla 
niied only to be consolidated bi form argillaceous limestones ; and if sand be 
mixed with marl, the limeatono will bo siltt^ous. S. Coral ree& and deposits 
of travertin, subjected to strong heat under pressure, will produce those see- 
oudary limestones that are more or less erystalline — but more of this undgr 
llie sixth section. 7. We have already seen bow bedaof lignite and coal may 
be produced from peat and drift wood. 8. The formation of such eslensivo 
beds of rook salt and gypsnm as occur in tha secondary and tertiary rocks is 
mOTe difficult to explain by any cause now in oparaljon. And yet, in req>cct 
io the former, it is said that the lake of Indersfc, twenty leapies m inrcum- 
ference, on tho steppes of Siboiia, has a crust of salt on its bottom tooro than 
six Inches thidt, hard aa stone, and perfectly while. The lake of Penon 
Blanco, m Mexico, yearly dries up, and leaves a deposit of salt sufficient to 
supply the country. We have also described a somewhat amilar case at tho 
lake of Ooroomiah, in Persia. According to Pr. Daubeny, tliiclt bods of rock 
s^lt exist at the bottom of Lake ElWn, and of several other lukes odjoiaing 
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SECTION V. 

OPEEATIOX OF IGSEOrs AGEKCIES IS PRODUCING GEOLOGICAL 



Voi.cAKio action, in its widest sense, is the influence exerted by 
tlio ]icated interior of the earth upon its crust. Igneous agency 
has a still inore extensive Kignification ; embracing all the Rctioii 
exerted hy licat njwn the glolie, whether the source be internal or 
external. The history of the former will prcpiire us better to ap- 
pree'ntc the influence of tho latter. 

Volcanic agency baa been at work from the earliest periods of 
the world's history ; producing all the forms and phenomena of 
the nuBtratified rocks, from granite to tjie most recent lava. 
Jlodem volcanoes will first eomo under consideration. 

These are of two kinds, extinct and active. The former have 
not been in operation withiu the historic period ; the latter are 
constantly or intermittingly in action. 

A volcano is an opening in the earth from whence matter has 
been ejected by heat, in the form of lava, scoria, or ashes. Usually 
the opening called the crater is an inverted cone ; and around it 
there rises a mountain in tho form of a cone, with its apex trun- 
cated, produced by the elevation of the earth's crust and tho 
ejection of lavn. The volcanic cones vary in height from 90 feet, 
as in tho volcano of the Island of Reguain, near Sumatra, to 
23,000 feet in Aconcagua, in Chile. The lower volcanoes are 
usually tbo most active. 

When nothing but aqueous and corrosive vapors have been 
emitted from a volcanic elevation for centuries, such elevation is 
called a mlfatara, or fumcrole, 

^Vhen volcanos exist beneath the sea, they are called mh- 
marinc ; when npon the land, eubaerial. 

As a general fact, volcanic vents are arranged in extensive lines 
or zones ; often reaching half aiound the globe. 

BxAslPLES. — 1. Perhaps thu most remarkable line of vents is (belong chala 
oFislaniia commeneioK witli Alaska on ths coast of Riiasiau America, which 
passes over tiio Aleutian isles, Kamtachatka, the Kunlian. Japanese, Pliilip- 

Sine and Moluccan tales, and tben turnini;, inclndea Snmttawa, Java and 
uraatra, and terminutes at Barron Island tn tlio Bay of BengML 2. Anotlier 
almoat cquatt; extensive line commences'at tlie soutbera eixtremitf of Soutti 
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VOLCANOES. l"?! 

America, and following the <iima of the Andes, passes along tbe Cordilieraa 
of Mexico, tbenee into Calilbmia, and thence northward as for at leaat as 
Columbia liver; wliioh it craiSfS between tho PaciSo Ocean and the Bocliy 
Mountaina. 3. A volcanic region, ten degrees of latitude in bi'eadth and 1,000 
miLes long, eztending from the Azure Islands to the Caspian Sea, abounds m 
volejDoes, thougli vfery much scattered. The re^a around Uie MediterraueaQ 
is perhaps better known tor volcauiu agency than any other on the globe; 
bc-Cituse no eruption occurs there unnoticed. 

Volcanoes not airanged in lines or zones are called central volcanoeH, and 
are more or less insulated. Examples will be (bond in Iceland, the Sandwich, 
Islands, Society Islands, Island of Bourbon, and a region in Central Asia of 
2,501) square geographical miles, from 800 to 1,200 miles from tUe ocean. 

The Dumber of active volcanoes and solfataras on tlie globe, is 



estimated at 407, and the number of 
year, or 2,000 in a century ; though 
is room for considerable uncertainty. 
The Ibllowlag table will show liow tho a 
distributed on tlie globe. 



ruptions about twenty ii 
1 both these points ther 



'0 volcanoes and s< 



In the Mediterratican Sea 
In tbe Atlantic OceaQ 
In the Indian Ocean 
la the Pacific Ocean 
Asiatjc Continent 



Parts of Europe and ^ 
Australia 
Oceanioa 
North Ameiiea . 
Central America . 
South America . 
Antarctic Continent 



On Coaimmils, Oa Islands. 



278 of tlicsa volcanoes, or more than two-tiiii\ls, are situated 
upon the islands of the sea ; and of the remainJer, the greater 
part are situated upoa the borders of the sea, or a little distance 
from the coast. Hence it is inferred that water acts an impor- 
tant part in volcanic phenomena ; indeed, it seems generally ad- 
mitted that the immediate cause of an eruption is the expansive 
force of steam and gases. It ought not to be forgotten, however, 
that some volcanoes are far inland, as Jorullo, in Mexico, and the 
volcanoes in central Asia. 

Intermittent Volcanoes, — Only a fciv volcanoes are constantly 
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m PtIEJfOMENA OP AN liliLTTION. 

active ; ill most cases their action is paroxysmal, and ia succeeded 
by longer or shorter intervals of repose. Tliia interval vaiies from 
a few months to seventeen centuries. Ia the island of Ischia tlio 
latter period lias been known to intervene between two eruptions. 
Henee some of the volcanoes of America, generally rcg;arded 
as extinct, {as Chimborazo, and Cargnairazo in Quito, Tacoza, in 
Peru, and Nevado dc Toluca, in Mexico), may yet break forth and 
show themselves to belong to tlie class of active volcanoes. 

PHENOMENA OF AIT EEUPTION. 

A volcanic ernption is commonly preceedod hy rumbling sounds 
in the earth, or Ciirthquakes, in the vicinity ; stillness of the air, 
with a sense of oppression ; noises in the mountain ; and the 
drying np of fountains. The eruption commences with a sndden 
explosion, followed by vast clouds of smoke and vapor, with flashes 
of lightning, jets of acids and mud, and showers of stones ; and 
at length by streams of red hot lava, which break out in irregular 
intermitting springs of molten earthy matter, and spread over the 
surrounding country. The ernption is teiToinated by showers of 
ashes. 

Volcanoca whose summits are far above the snow line, present 
many peculiar appearances ; a sudden melting of the snow indi- 
cates the approach of an eruption, even before smoke appears; 
and thia rapid thawing of the accumulated snows occasions de- 
structive floods and violent torrents, in which heaps of smoking 
ashes are floated away on thick blocks of ice. 

Probably the most remarkable eruption of modem times tootc place in 1816, 
in iho island of Sumbawa, one of the Molucca group. It commenced on the 
5th of April, and did not entirely cease till July. The explosions were heard 
in Sumatra, 970 geographical miles distant, in one direction, and at Teniate 
in the oppo^te direction, IW miles distant. So heavy was the fiJI of ashes 
at the diatanoe of forty miles, that houses were crushed and destroyed be- 
neath tbom. Toward Celebes, they were carried to the distance of 211 
miles; and toward Java, SOD miles, so as to occasion a darkness greater than 
that of the darkest night On the 13th of April, the floating cinders to tho 
westward of Sumatra were two feet thick ; and ships were forced through 
them with difficulty. Large tracts of country were covered by the lava; 
and out of 12,000 inhabitaDla on the islaud only IweDty-^:^: sun-ived. 

During the great eruption of the volcano of Cosiguina, in Gua- 
temala, on the shores of the Pacific, in 1835, ashes fell upon the 
island of Jamaica, 600 miles eastward ; and upon the deck of a 
ve&fel 1,200 miles westward. 
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The situation of Vesuvius and Etna Las made their history bet* 
ter known than that of most volcanoes. More tlian eighty erap- 
tions of tho latter are on record, siuce the days of Thucydidea ; 
and more than forty of the fonnijr, since the first century of the 
Christian era. That which occurred in Veauvius, A.D. 79, is best 
known, from the fact that it buried three cities, Herculaneum, 
Pompeii, and Stabias, which were flourishing at its base. Not 
mnch lava appeal's to have been thrown out at the eruption, hut 
other volcanic prodnets, such as sand, ashes, cinders, and stones. 
Not only were the citjea buried in this loose material, but the 
buildings, cellars, and vaults, were filled by currents of mud pro- 
duced by copious showers, rcsalting from the condensation of 
aqueous vapoi's ejected from tho volcanoes, mixed with ashes and 
fine sand. In Herculaneum these deposits are from 70 to 112 
feet thick 

Henee it is, that when these cities were first excavated, more 
than a hundred years i^, every thing enveloped was in a most 
perfect state of preservation — the pavements of lava, with deep 
ruts worn by the carriage wheels ; the names of their ownci"s over 
the doors of the houses; the frescoed paintings as bright as 
though put on but yesterday ; fabrics in the shops still showing 
their texture ; vessels of fi'uit so well preserved as to be easily re- 
cognized ; bread retaining the stamp of the baker, and medicine 
yet remaining on the apothecary's counter. The whole constitute 
perfect examples of fossi! cities ! 

In 1759, in the elevated plain of Malpaia, in Mexico, which is 
from 2,000 to 3,000 feet above the ocean, and at the distance of 
125 miles from the sea, a volcanic eruption took place, producing 
six volcanic cones ; now varying in height from 200 to 1,600 feet. 
Around these cones, and covering several square miles, are a mul- 
titude of small cones, from two to six feet high, called komitos, 
which continually give off hot aqueous vapor and sulphuric acid. 

Sometimes during a violent eruption tbo whole mountain, or 
cone, is either blown to pieces or falls into the gulf beneath, and 
its place is afterwards occupied as a lake. 

KlAMPLES.— 1. In m3, liie Papandayang, a ia^ Tolcnno in tlie island 
of Java, after a short and severe eruption, fell in and disappeared over an ex- 
tent of fifteen milea long and six broad; burying forty villBftes^ and 2,95] 
inhabitanls. 2. In 1638, tlie Pic, a volcano in tho island of Timor, to high 
as to be viable 300 miles, disappeared, and its phico is now occupied by a 
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lake, S. Many lakes in tho south cf lUl/ ara supposed to hare been lliua 
Ibrmed. 4. A volcano occupying the same spot as llie present T 
supposed thu3 to have been destroyed in 1718, and its remains to 
Uie circular ridgi', called Somnm, which ia several mites in diameter. 



In Hawaii, one of tiie Sandwich Islands, are tho most rcniaik- 
ablc volcanoes, pc-thaps, in the whole world. There are three of 
them ; the first, Mauna Kca, in the northern part of Hawaii, 
iy,950 feet high, now eifinct ; tlie second, Manna Loa, in tho 
southern part of the island, 13,760 feet high ; the third Kilaiioa, 
upon a table land at the base of Mauna Loa, 3,070 feet high. 
Eilanea is tho most interesting, as it is constantly active. In ap- 
proaching the crater it is necessary to descend two steep terraces, 
each from 100 to 200 feet high, and extending entirely around 
the voleano. The outer one is 20, and the inner one 15 miles in 
circumference; and they obviously form the margin of vast craters, 
formerly existing. Arrived at the margin of the present crater, 
the observer has before him a crescent shaped gulf 1,500 feet 
deep, at whose bottom, which is from five to seven miles in cir- 
cumference, the top being from eight to ten miles, is a vast lake 
of lava, in some places molten, in others covered with a crust ; 
while in numerous places (some have noticed as many as fifty at 
once), are small cones with smoke and lava issuing out of them 
from time to time. Sometimes, and especially at night, such 
masses of lava are forced up, tJiat a lake of Hijuid fire, not less 
than two miles in circumference, is seen dashing up its angiy bil- 
lows, and forming one of the grandest and most thrilling objects 
that tho imagination can conceive. Fig. 117 is a view of this 
volcano taken by Rev. Mr. Ellis, an English missionary. 

Eruplions from Kilauea are repeated every few years. There was a power- 
ttil eruption in May au<lJuneI840. For several years tlie great ^11' had been 
gradually filliiig up, until ic was not more tiian 900 feet deep^ and this molten 
mass was ragiDg like the ocean when lashed into fury by a tempest At 
length the lava Smud a subterranean passage, and Honed eight miles under 
ground, wlien it reached tlie sur£ice. and sweeping Ibrest, hanilel, plantation, 
and everytliing before it, rolled down with reffistless energy to the sea, a dis- 
tance of t!iirty-two miles, where. leaping a precipice of (brtry or fifty feet, for 
Uiree weeks, llie stream ofhalf a mile in width and twenty leet in tliicliness, 
poured in one vaft CHtaviiet of Arc into the deep below, with fpsrfiil hissings 
and loud detonationa Tlio atmosplicre in all directions n-as filletl wilb sahea, 
spray, and gases; wliile tiie bumnig lava, aa it fell into tlio water, was sliiv- 
ered into nuillions of minute pnrticles, and being thron-n back into tho air, 
fell in showeia of sand on nil tlio airrounding oour.try. 
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Telaanea/JRlaHea, Sundtldi* lOnnde. 

Generally Kilauea is quiescent wliilo Maima Loa is active ; but 
in 1849, during a partial eruption of the latter, Kilauea was iin- 
usnally active. If there is any connection l.etween the two vol- 
oanoes it must bo very deeply seated, otherwise iho products of 
Maana Loa would empty themselves through Kilauea, tho lower 
opening of a great syphon. 

In 1843 Manna Loa sent forth two great streams of lava, one or 
them being twenty-iive miles Jong and a mile and a half wide. 
During the eruption a rent twenty-five miles long waa produced 
in the mountain- In 1852 there was another eniption of great) 
power. Persona who visited tho crater say that in the midst of 
tJie roaring, upheaving ocean of fire, there was afoutilam cf lava, 
of dazzling brilliancy, now shooting tip to tlic height of JOO feet, 
and now dwindling down to 200 feet, but varied on the top and 
sides by points and juts, like tlia ornaments of Gothic architec- 
ture; thus producing a fonntain -constantly varying inform, di- 
mensions, color and intensity, and far snrpassing all the possible 
beauties of any artificial water fountain. In 18.7-5 aiMther erup- 
tion commenced, which caused great anxiety to the inhabitants of 
llilo, A rushing torrent of lava, from three to five miles wide, 
flowed from the crater in a direct course for the city, for seven or 
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ciglit months. Bat after flowing for a disLanco of twenty miles 
tlio supply was exhausted, and tiio stream was stayed. 

These eruptions, olthoiigh so vast, wmmeneed with no earth- 
quiike, no interna! thnnderinga, or any premonitions discernible at 
the liaae of the inonntains. Tlie erupticms themselves were eom- 
pavatively quiet and noiseless ; the mountains, opened, the lavas 
ilowed out. This stands out in distinct contrast with the bellow- 
ing explosive eruptions of Vesuvius and Etna. Hence there are 
two types of volcanic action , — tlie one exemphlied hy Mauna Loa 
and the other by Vesuvius. 

Marrcn Island^^Fig. US k a view t.f Earren Island, in the 
Bay of Bengal, winch is volcanic. 




fflinniit oi ( otopi\] m Stiith Ameri(a,emit- 
arly 19,000 feet high. 



ZfytCAUICa OP VOLCABIC J 

Wc can form an estimate of the power exerted by volcanic 
i^ncy from three circwmtitanccs : fii-st, the amount of lava pro- 
tmded ; secondly, from tho distance to which masses of rock have 
been projected ; and thirdly, by calculating the force requisite to 
raise lava to the tops of existing craters from their base. 

Vesuvius, more than 3,000 feet high, has launched scoria 4,000 
feet above tho summit. Cofopaxi, nearly 19,000 feet high, has 
projected matter 6,000 feet above its summit ; and onco it threw 
a stone of lOfl cubic yards in volume, to the distance of nine 
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dy:<amics of volcajsic agency. ill 

Tly lit 




Taking ilio 
E>rce requisite 
names are given, witli llieir 
BiK-h a force »ould proUucL, 



ic gravity oFlaTa at 2.8, the following table will b1k)w tlia 

- ■■ ■ " over the lops of tlio several volciinoes svlifpe 

kt above tliu aea. Tlic initial veloeitj wliicli 



TenenlTe 12iJ)2 090 896 

MaunaKea San<lwii h Islanis 16 5 110!) ^0 

ColOpavi, Quito lEfnS J4S3 1104 

AooLiOagua, Clule SiSlO 19.13 

There can be but littlo doubt but the ctjimney of a volcano extends gener- 
ally as much below the level of the "^a ua it doea above ; and oft«n probably 
sky tunes aa deep . so tliat tho attoal foree pressing tipou the hita in its 
reservoir, maj' be far greater than tho second column of tho preceding table 
repreaenta ; and the initial velocity ninch greater than in the third column. 

The amount of moltod matter ejected from VcsuTias in the 
eruption of 1737, wris estiniiitcil at 1], 839,163 cubic yards; and 
in tiiat in 1794, at 22,435,520 cubic yards. But these quantitJts 
are small compared witli those whicli Etna has soinetimos dis- 
gorged. In 1660, tlic amount of hn-a ^^■f^s twenty times greater 
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than tlio whole mass of tbo mountain ; and in 1669, when 77,000 
persons were destroyed, the lava covered eighty-lour square miles, 

According to Pi'ofcssor Dana, 10,400,000,000 cubic I'eet of mat- 
ter flowed fi-om Kilanea in the eruption of 1840 — a mass eijual to 
a triangular ridge 800 feet high, two miles long, and a mile wide 
at the base. 

JWw Islands formed hi/ Volcaaie Agency. — History abounds 
with examples of now islands rising out of the sea by volcanic 
action. Such were Delos, Rhodes, and tlio Cyclades, situated iu 
the Grecian Archipelago, and described by Pliny, the natuialist, 
and other ancient writers. In more modern times, small islands 
have risen in the Azore group ; Buch as Sabrina, in 1811, which 
was 300 feethigh, and a mile in circumference; but after some time 
it disappeared ; another in 1720, was six miles in circumference. 
In 1707, the island called Isola Nuova, was thrown up near San- 
torini, and continues to this day. Just hefore the gj'eat ernption 
of Skaptar Jokul in Iceland, in 1783, a new island appeai-cd off 
the coast; which, however, subseqnently disappeared. In 1796, 
a new island i-ose to the height of 350 fei f, having two miles of 
circumference, in tlie Aleutian group, east of Kamtschatka, which 
is permanent. In 1806 another permanent island rose in tlio 
same vicinity, four geographical miles iii cii'cumfcronce. In the 
same archipelago, in 1814, another peak arose, which was 3,000 
feet high ; and which remained standing a year aftei'wards. In 
those where the cone does not sink back beneath the sea, it is pro- 
bably composed of the more solid lavas, such as trachyte, or 
basalt 

On Fijj. 120 ia exliibilsil tlio cniptioii by ivliicli Sahrina, mcntioneil above, 
was produced. 

The rise of these islands is sometimes connected with submarine 
volcanoes. In July, 1831, a volcanic island lose up through the 
sea off the coast of Sicily, and was called Gi'aliam's Island. In 
August it was 180 feet high, and one and a thii'il miles in circum- 
ference ; but the part above water being composed of loose mate- 
rials, disappeared in two or three years, leaving a rocky shoal. 

These islands are not always raised to Oicir full lieiglit liy n sinpilo pir- 
OKjaiu of Ihe volcanie force; but by a Bueeesaion of efforts for moEiliia nnd 

^'ery ::]:ii:y la;'gD islands apponr to bo wholly, or almost c:;- 
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CHAEACTEK OF MOL 
Fig ISO. 




tirely, l!i3 nsiiltof loluinw, .tctioti , .tml lo bt (ompose,! tliieflv 
of lava and rocks upht,avLd bj tlii^ aaenn, sii< h rs '^ii(Ntoii<. and 
limestone. Examplca may be foimd in the Sindwich KlBnd^ of 
whicli Ilawnn, the largosf, contains i t'OO Bqnare miles of •lurfeco, 
and rises 18,000 fict aiya\o tlie « cm , in Tcnenffo, If.OOO feet 
Ligh; in Iceland, Sicih, Bourbnn St Helena the Madtin and 
Fa'roe Islands, and a great pa,it ot Ja%i, SumUri, C^.kbc^ 
Japan, etc. 

Character of Moltm Lata — La\i in general is i ot \CTy 
thoroughly mdted , so that iiLon it mo\es n a current oier the 
conntrj-, ila sides form nails of considi rablo height, and -i crn-t 
soon forms o\cr its Buriace, lUiich series still moie to pit\ent its 
spreading out ht-.rilh It is kept in a scmi flnid st^tc b\ the 
wat«r which it inclos(,=, and ^ihidi w pr^icnteti fiom tsi-jpin^ by 
the hard cru&t 

Tlenre a lavn current may be deflected from ita covirse by bi'eakitifc an ay 
ilB crust on one Bid'' and in thiswii it lias sometimes been lurneii ■w.ay 
from towns 111 it wprc tliiv'it<?ncd by iL In o lo iii-tanre tlie mi nbilaiitsol" 
<Vit!iTii!i Hltiuikcd a h\n current nn'l lu- led itttraarda Piterno w'lcc inltaiii- 
Ual3 took v.]> T iiii 1 1 1 nrr =t d I o rpcr 1 1 i 
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ISO SEAT OP VOLCANIC POWEfi. 

The crnst forming upon lava soon becomes a good iion-condne- 
tor of heat; aixl hence the mass requirea a long time to cool ; 
ex. ffr., the case of Jorullo, in Mexico, 1,600 feet high, which was 
ejected a hundred years ago, but is not yet cool. 

Tiiis explains, a corious fact, la 1828, a mafs of ice was found on Etna, 
lying beoeatli a current of lava. Probablj before tliis flowed over it, tlK its 
miglit have been eovered by a shower of volcanic ashes, whicli are a good non- 
eouduoKir of heat, and might liave preveoted the immediate meWng of it, 
wliile the auperinlposed lava has preserved it fiijm tbe period of its eruption 
to the present. 

When lava is thrown out upon the dry land, with only the 
pressure of the atmosphere npon it, it is npt to become vesicular 
and scoriaccons ; bat when cooled slowly and nader great pres- 
eure, it becomes compact and niHy be even crystalline. Tho 
porous varieties result from tho cooling of the lava while ex- 
panded with the contained gases. Scoria and pumice may often 
be regarded as the froth or foam of the volcano. 

Volcanoes constantly Active. — A few Tolcanic vents have been 
constantly active since they were first discovered. They always 
contain lava, in a state of ebullition ; and vapors and gases arc con- 
stantly escaping: 

ExAMPLBB. — 1. Stromboli, ono of the Lipari Islands, Iiaa been observed 
lODger probably than any volouno of this class ; and for nt leaat 2,000 years 
it lias been unremium^y active. Ttie lava liere novef flows over the top of 
the crater ; though it is eoraetimea discharged tlitougU a Hsauro into the sea, 
iilling tlio fisli, wiiieli are thrown upon the shore ready coolied. It is said lo- 
be mora active in atortoy tlian in feir weather; liltewise more so in winter 
than in sunjmer: a fact explained by the diflferect degrees of pressure ex- 
erted by the air upon the lava at dilTerent times. When the air is light, tlio 
internal fores predomiiiatea ; but wEien heavy, >t restrains tho eaei^y of tlio 
votcana 

2. In Lake Ficaragua is a volcano which ia conlantly burning. Tillarica, 
in Chile, so hi^i as to be seen 150 iniltB, is nevocquiot. The same is said lo 
be the ease with Popocatepetl, in Mexico. Ever sinee tho S]anish conquest 
of Mexico it has been pouring forth smoka Kifaraea is tho most remarkable 
active volcano on the globe, and has already been described. 

Seal of Volcanic Power. — Vol^nic power mvs!, be deeply 
seated baneatJi the earth's cnist. 

Proof. — 1. Tho melted l.iva is forced out from beneath the 
oldest rocks, as gneiss and granite ; for masses of these rocks are 
frequently broken ofi and thrown out 2. Lines oi- trains of vol- 
canoes indicate some connection between the vents ; and the great 
length of these lines, several thousand miles in sonio iiiRtances, 
can be explained only by supposing that the fissure or cavit)' by 
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which the eonncetion. is made must extend to a great depth. 
3, When, in 1?83, a submarine volcano on the coast of Iceland, 
ceased to eject matter, immediately anothsr broke out 200 miles 
distant, in the interior of the island. 4. Were not the" power 
deep-seated, volcanoes Would become exhausted ; as they some- 
times throw out more matter at a single eruption, tlian the whole 
mountain melted down could supply. 

EST! NOT voi/;a.ioes. 

Many writers maintain that there is a marked difference between 
the matters ej ctcd fro i active and extinct volcanoes. It is said 
that the more m dorn lai as have a harsher feel, are more cellular, 
and more iitreous tn their appearance, and also loss feldspathio 
than the anciei t But it is doubtful ■whether any character will 
satisfactonh di=tn guish them, except the period of their eruption. 

Tho extm tv !i.aBoe are of very different ages. Someofthem 
were active dunng the tertiary period, some during the drift 
period ; and some since that time. In some instances, as a moun- 
tain called the I'uy de Chopine, in Auvorgne, which stands in an 
ancient crater, and rises 2,000 feet ahovo an elevated granitic 
plain, itself about 2,800 feet ahovo the sea, there is a mixture of 
trachyte and unaltered granite, 

Tho oxtinet vdoanoes of AuTergne, and the south cf Fruiicp, have long ex- 
cited deep interest ; and iiavo l>een lully iUustnted by Sorope. Eakewoif, and 
others. Near Clemionf, tlic laiidacape has as deddodly a volcanic aspect as 
in any part of tlio world ; of wliieh Fig. 1^1 will convey eorao idea. 
Fii 121 



rxtinet volcanoes o^iit also m Spam, i i Portusal, m Germinr, along tlio 
Ithine, m Ilungar), btyni, TranSTlvania Asia Minor, Syria and Palestine 
To the east of Sni3nia in Asit Minor Is a region called tlie Biaal Di'.tnct 
(Katakekaumena of the Greeks), because it aho« s such striking tnarlis of ex- 
tinel volcanoes. In the valley of the Jordan, especially around Lake Tiberias, 
Gitending as lar northwest as Safed, vokanie rooks abound, with warm 
springs and occasional earth quakes. 

The rugion about the Dead Sea is decidedlv volcanic; but appears mora 
like arogiou of extinct Ihan activn olcsmci,-- Yet tlio destruction of tlio cities 
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of the plain, Sodom and Goraorrali, as represented in Ibe Bible, seems to have 
been caused by vulcanic agency. Sume sug^st iVjiit Sodom and GotoorrBli 
were b'lilc upon a mine of biiunien. that Jij^lttmng kindled llie combustille 
masf, and tliat the dtie3 suok in the subtLTmiiean oonda^atiQli. llie prin- 
cipal diffioulties in the way of this hypothesis are, first, to see how (lie bitu- 
men, buried beneath a considerable thickness of anil, could have bumt rap- 
Idly enough suddenly W desWoy the cities and their inhabitants ; and sctov.dly, 
to conceive of a bed of bitumen so thicit, S3 by ita combustion to eiiik ilia 
surface iVom the present high-water mark to tiio bottom of the sea, I>i'. 
Robinson desci'ibes tlie lli,^^l-^vate^ mark as seen by Iiira " a great distonec," 
south of tjie margin of tlie sea, at tliat time. Tbo surface, tl.enlbre, nmst 
have suffered a gre^it deprcsdon. Would it not Eomenhat relieve these diffi- 
culties to snpix>ae volcanic action combiuod witli tlio combUFtion of the I itn- 
men f No goolc^st will doubt tlio correctness of Von Buch's opinipn, Ihnt 
& Ihult esteada Ihini the Rod Scs through the valley of Arabab ai>d the Jor- 
dan to Mount Lebanon ; aod along that fissnre we miglit expect ioh?anic 
t^ticy to be Hctive. But it mijtht h;ivo produced very Eirikiiig ifffcts nilli- 
out Ihe ejeotion of Itva. Earthquakes Gomctimes t'au-e the Euriace to «iiik 
down many feet, and flames have been seen to Ssiue tlirocgh Ihe flreurca 
whicli they produce. Thus might the diiite pits f iterally vaUe e) aephaUiim) 
have been set on fire, immense volumes of steam, pmoke mid si^jncating va- 
pors have been set at liberty, porhap<i, too, the rem^ikahlo tit'ge of rock E^alt 
cuUsd XJsdani have been protruded, and linally, by tlio subeidLuce ct'the fur- 
feeo alter the destruction of the etUesi, might the «-alers of the lake bare 
flowed over the spot. In a sdmilar mantter was the city of Euybcniis, in 
Calablia, destroyed in 1038. "After pome time," nays Kircl'.tr, vf;0 wps 
near the spot, "the violent paroxysms (of tiie cartiiquake) tetising, 1 etocd 
tip, and turniiif my eyea to look for Euphcmin, paw only a tiifiliilul blsck 
cloud. We waited till it had piissed awny, wlicii nothing but a diioial and 
putrid lake was to bo seen, whore onco the city flond." 

Mt. Ararat in Asia, is an extinct volcano. A liirffi proportion of ll.e lofty 
peaks of tiie Andes and the moimc^na of Mexico belong lo (he cla?8 of ex- 
tinct volcanoes, as well as hn^je dietricta of tbo ixgioa betwten llie Rocky 
Mountains and the Pacillc Ocean. 

The size of ancient volcanic con^ and orators wae often very larpe. 

In the middle and southern pai ta of Ft3nc>;, o.vtinct volcanoes covtr several 
thousand squure miles. Bi'tivcea Naples and Ccmea, in Xhe spiice ii( 2U0 
square milei, according to Bricslak, si's sixty craters; fctno of tUm hirper 
than Vesuvius. The oityof Ouraea lias stood tlmaetiioujatidyeaisin atrolir 
of one of these volcanoes. Veauvloa stands iu the midat dC a vrst (imler, 
whose remains are still visibl^t, c-.illeJ Somma. The I'otcantc pcsk of Ttn- 
eriTe stands in tiieceritre of a plain, ooverim;; 103 fqnnro miles, nhiiliiBsi.r- 
rounded l>y perpendicular precipices and mnuntaiiii, which were piobiibly the 
border of the anci .'Ut oniter. Accordins; to Humboldt, all tlie ti oi nitrii.ouR 
parts of Quito, einbrauin;j; an area of 6,3nO square miles, niay be (oni-idcT'cd 
as an immense volcano, whioh now gets vent somettmes through one. ai:d 
sometimes tliroush another of its elevated peaks ; but which must have been 
more active in ibrmer time! to have produrjad the resnlts now witnessed. Of 
the two anraent craters ofKilm^.i. oua U flV.'en and tlte otiier twenty miles 
in cireuinlerence. Two otli::r aniabnt era;er; exist in Maui, one of tlie Sand- 
wich Islands, the one twenty-foar an I the oUur twe.ity-aeven miles in cir- 

From sTich facts many geologists have inrorred fliat voti'anif^ 
agency in early times was iiiorc iiov.-erftil tita^i at pri;sutit, nini 
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tliat t s gradually d n n sh ng Lyeli a d o h rs however s 
ofadftrtoi onadqo as equal ng any of tl e a 
eru| t ons, 1 b r-ts on S ipte Toku 1 8 inJ fro 



Eirtl quail s aln os al ; jr cela a in c e pt on and 
cease vh« the la a g ts vent 

He CO he i o\ ate a c of ea hqualiea a ob o z 

tl expai) Q eft ts oi ol ■» c n tt r onfl d beneati the 
ea tl s s fac 

HeDce too the ult m e ca so of olcanocs and ei tl quakes s 
the same whate er that cause ma} be 

During tho pnroiysm of the eartliquake, heavy rumblir^ noises are heard; 
the |i;rouiid irembles and rocks ; ila^ures open un the surlnce, and again eloae, 
swolloiviug up whaterer iiioy have fallen iulo tliemj fountains are dried up ; 
rivara ara turjieii out of their courses i portions of the Burlace are elevated, 
oud portions depresdedj and the sea is agitated and thrown into vast billows. 

The eoncuamons of earthquakes, or the violent commotions of 
the surface, are of three kinds : the first being distinguished by a 
series of peipendicular, the second by horizontal or nndnlatory, 
and the third by rotatory motions, following each other in rapid 
succession. Tho perpendicular motions act from below upwards ; 
as during the destruction of Riobamba, in 1797, when dead 
bodies were thrown upon a hill several hundred feet high. The 
horizontal motions act in an undulating manner, causing an alter- 
nate rising and sinking of the eai'th. The rotatory or circular mo- 
tions are the most rare, but are the most destnictiva. They 
consist of whirling movements of the earth, whereby buildings 
without being overturned are twisted, parallel rows of trees de- 
fleeted, and fields when covered with grain made to change their 
relative positions. 

The progresiion of earthquakes is generally in a linear direc- 
tion, undulating with a velocity of from twenty to thirty geo- 
graphical miles in a minute. Sometimes the progression is in 
concussion circles or great ellipses, in which, as from a center, the 
vibrations extend with decreasing force to the circumference. 

Several thousand cases of eartliquates have been recorded. Luring many 
of them tnicCa of land have heen elevat^^d or depressed. The fbllowins iiro 
a few of th;m. In 1602, a part of Port Poyal, in tlie West Indies was sunk; 
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in 1753, a part of Lisbon; in 1812, a part <rf Caracoaa Atout the same 
time numeroua enrlhqualies agilateci tlio valley of tlie Mlasiasippi, for ao es- 
leut of 300 uiiles, Iroin the iiioulli of l!ie Oliio, to that of the St. j-rancis, 
wliereby numerous tructa were depressed, and otliera elevated, lakes and is- 
lands were Ibrmed, and tlie bed of the Missisappi wsa exceedini;!}' altered. 
There ia a I'emaritabls sub^dence, twenty miles in length, and a mile in 
nidtli just above tlie Falls, in Columbia river, in Oregon. Thtoiigli the whole 
diatance tlie trees are standing in Uie bottom of the stream, at an average 
depth of twenty feet. Tiie region appears to be one of extinct volcanoes. 

The moat extensive elevation (rf laud on record by meaiiH of eartiiquakes, 
took place on the western coast of South America, In 1822. Tho shock was 
felt 1,200 miles aloag the coast ; and Ibi more than 100 milea the coast -was 
elevated from three to tour feet ; and it is conjectured that an area of 100,000 
square miles was thus reused up. 

In 1783, a lar^a part of Calabria was terribly convulsed by earthquakes, 
over an area of 500 square railes. Theiioeks Kistod for lour years; in 1183, 
tbei« were 940, and in 1784, 151. A vast number of Assures of every form 
were made ia the earth, and of course a great many local elevations and sub- 
adencea; which, however, do not appear to have evceeded a feiv feet In 
some sandy plains, singula' dreular hollows a few feet in diameter, and in 
Uie form of an inverted cone were produced by the waler winch was forced 
up through the soil Some of ttic^e are e\hibitcd on 1''%. 122, 







iffT l-y an Eart/iqHaie. 



TIic ocean is almost always ajrifatod during earthquakes, tlms 
prodiicinjj waves nf translalion, often of great size and power. 
Their effects have been alivided too in the previous sotlio -. 
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The number of earthquakes is about twenty aiinuallj', corres- 
ponding to the number of voleanic eruptions. 

The effeets of earthquakes in changing levels may not bo per- 
manent, because a depression of a tract may bo counterbalanced 
by a subsequent elevation. 

THEtJMAL SPBtNGB, 

Hot springs are very common in the vicinity of volcanoes ; 
BDch as the well-known geysers in Iceland, Some of these are 
intermittent, probably in consequence of the agency of steam 
within subterranean cavities. The great geyser consists of a basin 
fifty-six by forty-six feet in diameter ; at the bottom of which is a 
well ten feet in diameter and seventy-eight feet deep. Usually 
the basin is filled with water in a state of ebullition ; but occa- 
sionally an eruption takes place, by which the water is thrown up 
from 100 to 200 feet, until it is all expelled fiom the well, and 
tliere follows a column of steam with amazing force and a deafen- 
ing explosion, by which the eruption is terminated. These waters 
hold silica in solution ; as do those of the Azore Islands ; and ex- 
tensive deposits are the result. The coating over of vegetables 
by this silicious matter, has given rise to the common opinion 
that certain rivers and lakes possess the power of rapid petrifac- 

Fig. 123 represents tlie great geyser of Iceland io action. 

Tliermal springs are not confined to the vicinity of volcanoes. They occur 
in every part of the globe ; aiid rise out of almost every kind of rock. Thej- 
frequently contain enough of iniDeral substancea to coiiBlitute them mineral 
waters. But one of their most siriking properties is the evolution of gas ] 
such as carbonic acid, nitrogen, oxygen, aulphuretted hydrogen, etc., in a 
free state. 

Theory of Thermal Springs.— "When these springs occur in 
volcanic districts, their origin is very obvious. The water which 
percolates into the crevices of the strata becomes heated by the 
volcanic fiimaee below, and impregnated with salts and gases by 
the sublimation of matter from the same focus. Tlie thermal 
springs not in volcanic districts, in a largo majority of cases rise 
cither from the vicinity of some uplifted chain of mountains, or 
from clefts and fissures caused by the disruption of the strata ; and 
therefore, in all suA cases are probably the result of deep-seated 
volcanic agency, which may have beeu long in a quiescent state. 
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The principal circnmstances that determine the temperature of 
the globe and its atmosphere are the following : 1. Influence of 
the sun. 2. Nature of the surface, 3. Height ahove the ocean. 
4. Oceanic currents. 5. Temperature of the celestial spaces 
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around tlic cartli. G, Temperature of the interior of Ihc carfh, 
independent of cxternjil agencies. 

1, iSofcc Heat. — Tlie solar rays oxcrtuo influence, as a general 
fact, at a greater duptL tlian about 100 fuet. (Baron Fourier 
mentions 130 feet as t!io nuximum depth ; Poisson fixes it at sev- 
enty-six feet.) A thermometer placed at that depth remains sta- 
tionary all the year. The diurnal effect does not extend more than 
three or four feet. In receding from the tropics, the amount of 
solar heat diminisliea. During six months it continaea to increase, 
and to diminish the remaining six months. The decrease cf the 
mean temperature from the equator towards the poles is nearly in 
proportion to the cosines of latitude. Prof. Forbes has made some 
obsen-ations near Edinburgh, from which it appears that the os- 
cillations of annual temperature would cease at the depth of forty- 
nine feet in trap tufa, sixty-two feet in incoherent sand, and ninety- 
one feet in compact sandstone. 



2. I^ature of the Surface. — The radiating and absorbing power 
of land is quite different from that of water. Ice and snow are 
still different ; and the nature of the soil aifecfs sensibly its power 
to imbibe or give off heet Iltnce low islands have a liigher tem- 
perature than large continents in the same latitude ; and tlie 
ocean possesses greater uniformity of climate than the land. 

On these facts Sir Charles Liell Ins founded an lijpothesia for explaining 
tlie liigh temperature ol' tlie surface of the globe in nortfiem latitudes ineurty 
times. He supposes tliat but little land then existad in the northern parts of 
the globe, and tiiut tliia piiiduced so great an elevaljon of temperature above 
what it is at present, tJiat tropical animals and plants migfit then have inliab- 
ited regions now subjected to almost perpetual winter. That tl>o quantity of 
dty land in the Dorthern hemisphere, during the depoatiaa of the older fbs- 
silifbrous rocks, was much less ttian at present is very probable ; and this 
might affeot the climate somewhat But if tlie acHon of currents from tropi- 
cal rej^ons extending to the frigid zone, at tho present day, is not sufficient 
to rentier tjie climate temperate, we can not think a greater depression in an- 
cient times would be adequate to tlie production of a climate in wliich tropi- 
cal plants and sniirtals m%lit ilouriah. 

3. Height above the Ocean. — The temperature of the air dimin- 
ishes one degree Fahrenheit for 300 feet of altitude ; two degrees 
for 595 feet; throe degrees for 872 feet; four degrees for 1,124 
foct; livo degrees for 1,347 feet; and six degrees for 1,539 feet. 
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Hence, at tie equator perpetual frost exists at tbc height of lfi,000 
feet, dirainisliing to 13,000 feet at either tropie. Between lati- 
tudes 40° and 59° it varies from 9,000 to 4,000 feet. In almost 
every part of the frigid zone this line deseends to the surface. 
These results, however, are greatly modified by several circum- 
stances ; so that, in fact, the line of perpetual congelation is not a 
regular curve, but rather an irregular line descondiag and ascend- 
ing. 

4." Oceanic Currents. — The surface of all oceans is occupied by 
currents. Some flow from the poles toward tlie tropics, carrying 
with them eoM water, thus lowering Materially the temperature 
of the warmer regions. Others flow from the tropica to the colder 
regions, carrying warm water and the products of warm climates, 
with efiects to correspond. Most of the irregularities in the iso- 
thermal curves, where they cross oceans, are produced in this way. 
A femiliar illustration may be seen along our coast. A cold cur- 
rent from Baffin's Bay passes near the eastern shore of North 
America, and makes the isotherm bend to the south along the 
whole distance ; while the Gulf Stream, passing in the opposite 
direction, outside of the cold current, renders the climate of jiorth- 
ern Europe much warmer than our shores at the same degree of 
latitude, 

5. Tefnperature of the Celestial SjMces around the Earth. — This 
can not be much loss than the temperature around the poles of 
the earth, where the solar heat has scarcely any influence. Now 
the lowest temperature hitherto observed near the poles (as re- 
corded by Dr. Kane in North Greenland) is 70° below zero ; and 
this has been assumed as the temperature of the planetary spaces. 
Hence it follows that there must be a constant radiation of heat 
from the earth into space. 

6. TEMi'ERATUKE OPTENTT T OF TEE RTH 

In descending into the irth beneath the po nt i ere t s 
affected by solar heat, we find tl at tl e temperatu e rej, larlj and 
rapidly inereascs. If tl a rato a cont o s, jII tl c nte or of 
the earth, I)g1ow a crust f 100 n les tl t s at pr e t a t to 
of fusion. Fig. 124 rcpr sents tl e proport on of Ited and 
molted matter in the earth on the s ppoa to tl at the ust, 
which is represented by the bla k 1 no is 100 I s tl k 
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The evijencos of an increase in tlio temperature of tlie interior 
arc tliese ; the liigber temperature of the earth in ail artiiicial 
excavations of considerable depth ; t!ie existence of thermal 
springs; anU the existence and distribution of volcanoes. 

Proof 1, — ^There are three sonixses of information from artifi- 
cial excavations. 1. The temperature of springs which issue fi'om 
the rocks in mines. 2. The temperature of the rouk itself ia 
mines. 3, The temperature of the water from Artesian wells. 
The following table gives many of the particulars : 
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Artesan wells hai^e lately been applied with siioceRs in TTiirtemburK, to 
prevent frast from stopping machinery which was moved by mnninff water, 
end a\?o foi' warming a paper msnu&ctoiy. Who ][1io<a-s but tliis application 
may profcorimmi^nso bensfit to some regions of the glolie? 

Til5 Jncro.iiO of leiiiporjturu fram the suifiioeof llio crirth downwards docs 
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not appear to be at tlio same rate in all riOiintries. The mean of all tlie oh- 
Hervalions wliich have been made in England, gives ii feet for a cliaiige of 
one degree. In some mines in France the increase is much slower, and in 
3 few it ia feator. The mean is reckoned at about 45 feet for eacli degree. 
In Mexico according to the onl^ observation given above, it is 46.B feet In 
Saxony it ia coitsiderably greater, not iar (torn 65 feet to a degree. The few 
observations in this country, given in the preceding table, indicate an increaaa 
of 67 feet to a degree. 

The average increase for all the countries where observations have been 
made ia Slated bj- the BriOsh Association to be at the rate of 4o feet tocHcli 
d^ree, and this may be used fbr the present. 

At tLis rate, assaming the temperature of the surface to be 50°, 
a heat sufficient to boil water would be reached at the depth of 
7,290 feet, or more than a mile ; a heat of 6,400°, sufficient to 
melt all known rocks, would be reached at 59.23 miles; and if 
the temperature conttntied to increase uniformly, at the center of 
the earth it would amount to 475,000°, But it is probable that 
the degree of heat is uniform after reaching a certain point. 

Another method of calculating the thickness of the crust has been pro- 
posed iVom the Precession of the Kquinoxes. This change of the earth's po- 
sition is caused by the attraction of the sun and moon npon the protuberant 
ring of matter around the equator. It ia claimed that the amount of this at- 
traction will vary in proportion to the amount of fluid matter in the earth. 
If the enrtli were entirely fluid or entirely solid, the amount of precession 
would vary to the one or other aide of its present rale. Thus the present 
rale is a sort of medium betweea two extremes ; and hence it ia calculated 
that the solid crust of the earth must he at least 800 miles thick lo be con- 
sistent with the preaent amount of precession. Thia view would relievo 
many of the difficulties urged against the dijctrine of iulemal heat; but the 
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Bolufjon of the problem depends upon so many nicetiea, that it would be well 
to suspend our judgment upon tlie resulla of the calcuhilaoii uiitil all tlio 
preliminiiries are Batisfactorily established. 

Tliis aTgument for tlio iuternal heat of the earth receives strong 
corroboration from the fact that not one exception to this increase 
'if internal temperatare has ever occurred, where ike experiment has 
been made in deep excavations. 

It appears from tho esperinients and profound mathematical 
reasoning of Baron Fourier, that even admitting all the internal 
pai-t3 of the earth to he in a fused state, except a crust of thirty 
cr forty miles in thickness, the effect of that internal heat might 
ho insensible at the surface, on account of tho estreme slowness 
with which heat passes through the oxidized crust. He has 
shewn that the excess of temperature at the surface of the earth, 
in consequence of this internal heat, is not more than I-lJth of a 
degree (Fahr.), nor can it ever be reduced more than that araoant 
by this cause. This amount of heat would not melt a coat of ice 
10 feet thict in less than 100 years ; or about one inch per annum. 
The temperature of tho surface has not diminished on this ac- 
count, during the last 2,000 years, more than the 16Tth part of a 
degree ; and it would take 200,000 years for the present rate of 
increase tn the temperature, as we descend into the earth, to in- 
crease the temperature at the surface one degree ; Ihat is, sup- 
posing tho internal heat to bo fiOO times greater than that of boil- 
ing water. From all which it follows, that if internal heat exist, 
it has long since ceased to have any effect practically upon the 
climate of the globe. 

Proof 2. — Until some fact can be adduced showing that the 
heat of the earth ceases to increase beyond a certain depth, noth- 
ing bat hypothesis can te adduced to prove that it does not go on 
increasing, until at least the rocks are all melted ; for when they 
are brought into a fluid state, it is not difficult to see how tlie 
temperature may become more equalized through the mass, in 
consequence of tho motion of the fluid matter ; so that the tem- 
perature of the whole may not be greatly above that of fused 
rock. Now, if tho hypothesis of interna! fluidity have other 
arguments {which follow below) in its favor, while no facts of im- 
portance sustain its opposite, the former bhould be adopted. 

Proof 3. — This is derived from the existence of thermal springs. 
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Vast numbers of these occur in regions far removed from any 
modern volcanic fiction ; generally upon lofty mountain ranges ; 
as upon tLe Alps, tlio Pyrenees, the Caucasus, t!io Ozark moun- 
tains in this country, where ai'o nearly BOTenty, in California, etc. 
Their temperature varies from about summer heat to that of 
boiling water. Nor can their origin be explained without suppos- 
ing a deep^eated source of heat in the earth. 

Proof 4. — The existence of 400 active volcanoes, and many 
extinct ones, whose origin is deep seated, and which are connected 
over extensive areas. If these were confined to one part of the 
globe, or if after one eruption the volcano wore to remain forever 
qnief, we might regard the cause as local an<i the effect of partic- 
ular chemical changes at those places, aided perhaps by electro- 
magnetic agencies. But if tlie internal parts of the earth are" in 
a melted state, that is, in the state of iava ; and if tliis mass be 
slowly cooling, occasional eruptions of the matter ought to be ex- 
pected to take place by existing volcanoes. Assuming the thick- 
ness of the caith'a crust to be sixty miles, the contraction of tliia 
envelope one 13,000th of an inch, would force out matter enough 
to form one of the greatest volcanic eruptions on record. More 
probably, however, the percolations of water to the heated nucleus, 
or other causes of disturbance, more frequently produce an erup- 
tion than simple contraction. 

Some geologists have proposed clieiniciil theories to account for the phe- 
nomena of voleaooas. We will cousider the two most imporliint ones. 

Supolhssis of Bie MelaUoids. — This hj-polliesis, originally proposed, though 
Eubsequentiy shandOQed, by Sir Humphrey Davy, supposes the inCenial parts 
of tlia earili, whether hot or cold, fluid or solid, to be composed in part of tho 
metallic bases of the alkalies and garths, which combine enei^elically with 
oxygen whsnever thoy are brought into contact wiili water, with the evolu- 
tion of light and heat To theae metalloids water occasionally percolates iu 
I'jrge quantities through fissures ia the strata, and its sodden decomposition 
produces an eruption. Dr. Daubenj, the most strenuous advocate of this 
tiieory, has brought Ibrward a great number of considerationa which render it 
quite probable that this cause may often be corieemed in producing volcnnio 
piionomena, even if we do not admit that it is tho sole eaase. 

Uft'iyof tho phenomena of volcanoes may be explained upon this view, as 
the turnialJca <£ vapor, the extrication of gases, and the anblimatiou of sul- 
phur, salts, etc., and the connection of volcauoos with water. But it does 
not satislaclorily account for the constantly active vents. Moreover, silica, 
the most common chemical combination in lava, can not be produeeil by the 
unioa »'- silieiuni and oxjTien under any heat known to chemists. Silioium is 
unaltered before the blowpipe, and is incombustible in oxvg^n gas. Alumioum 
akii unites wi:h oxygpn very slowly, even under powerfli! heat. 

Modified Ckeniicai Theory. — £omo goolc^st^ as Lycll, liavo culled in the 
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alj of elootridtr to assist in Hid decompositions and rccompositions that 
result from volcanic agency. Bj tliis means tiio temperature oi' tlie uncom- 
Uined metala ia raised, so as to imuso tliem to become oxidized more readiiy. 
Against the universality, at least^ of biitb these tlicorics, may be brougUt 
1o boar the typo of volcanic action io Manna Loa and Eiiauea. It is a quiet, 
jfradual oveiilow, not a sudden decompoeitiou and recompositionof eleiiionta, 
evolving great licot willi explo^ve aecompaniments. Tho chemical theories 
suppose violent action. 

OBJECnONS TO TUB DOCTnilCE OF INTERBAL HEAT, 

Oijeelion I. H has Been maintained that ilie high temperalare uf /tap excava- 
tions may be explained by chemical changes goiiiji on m (Sa rodis ; such as tlie 
docompositioQ of iron pyrites by mineral waters, the lights employod by tho 
workmen, tlie heat of their bodie^ and especially by the eondonaation of aic 
at sfreat depths. 

Answer. In tho esperiments that liave been mada upon the temperature 
of miues, care baa been faltcn fo avoid al! tlitso eources of error except the 
last (which are indeed Bometimos very ctaiaiderable), and yct^Iio gencrci re- 
sult IS as haa been stated ; nor is tboro a sin^e example on tlio other side to 
iuvaUdata tliat result. As to the condeiis.itiou of air in mines, Mr. Fox has 
shown ttiat the air wliicii ascends fi'oiti their bottom is mucli warmer than 
when f Iiero ; so that it carries away instead of produdag lieat 

Qljjectioni. The iemperatiire of the ocean. The temperature of the ooean 
diminishes as the depth increases; at first rapidly, then very slowly. The 
deepest measurements do cot indicate auy increaae of heat, but only a 
uuiforra coldness. From observations made by Lieut. Maury and otiiers, it is 
found that the change of temperature in tUo ocean is as follows: fur tlie first 
2,500 feet the tcmperaturo diminishes 40° ; from 2,£00 to 14,000 feet the re- 
duction ii about 3 . Tlie temperature at any lower depth is unknown. 

Ansmar. There are many local exceptions to tliis decrease of tomperaturc^ 
especially in northern latitudes ; yet, on tiio whole, we should expect Uiat 
tlie temperature of the sea would decrease downward^ dntil it had rauohod a 
tcmpeniture below which it would riirely descend ; ailcr whicii we should 
expect a uuifomi temperature to tho greatest depths, lloroover, it is a fact 
that the warmest particles of a liquid body always rise to the top, as is tho 
case in a vessel of water that is heated over a flro; that is, the strata of watef 
arrange themselves accoi'ding to their epcdiic gravitlL'S. Henco we should 
expect to find the warmer porliouB upon the BOi'fiico. The temperature of 
Eea-water, at great depths, can never bo less than 25.4°, because tliat is the 
point of its greatest density. If it was colder than this, it would rise, in 
consequence of being sperifically lighter by expansion. 

OhjeetioaS. Circtilation of Vie internal heat If .tlio central heatwere as 
intense as is represented, there must bo a rarculation of currents, tending to 
equalize the temperature of tho resulting fiuid, and the solid onist itself would 
bo melted. For example if the whole planet were composed of water, tiio 
exterior erust of fiity mdes thickness being condensed to jce, and the interioi 
ccean having a central heat about 200 times that of the melting point of ice, 
tlien tlie ice, instead of hems etren^thcned annually by new internal layers, 
would be meli-ed and tlip n lir> a | In roid a lume an eqnabla temperature 
tiirongliout This is the "I i i i i i ' LyelL 

Answer 1. It is nit i ml Lf Ci.nlri! hent that a tem- 

f erature very much exi I in It rocks (6,400° F.) should 

cNist in any part of tlif i even be admitted tliat the 

ivliolo globo was cootrd ■' i j 1 t 1 1 t i>oint before a crust began 
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to fom over it. For Efill, Ecoording to tlia coijolusiotia of Fourier, it would 
rsquiro an iamienEO period to cool tbsi internal parts, so that they should lose 
their lluiJ incaadosoout state after a cniat of some twenty miles thick liad 
liaen formed over them. 

a. Thera 13 the case of curreati of lava, wliidi cool at their surfece, so as 
to permit mea to wallt over thorn, whila tor yeara, and even decades of yenrs, 
tbo lava beneath is in a molten slate, and sometiinea even ia motion. And if 
a eraat can tliua readily be focinecl over lava, why might not oue be formed 
over tho whole glohe, while its interior was in a melted slate ; and if a crast 
oaly a few feet ia tbieknesa can so long preserve tlie internal mass of lava at 
an incandescent lioat, wiiy may not a oruat upon tlie earth, many miles in 
thickness, preserve for thousands of years tiia nuelaus of the earth in the 
eame state? True, if we iaimerse a solid piece of metal in a melted ma?s of 
the same, the fragment will be melti^d ; because it can not radiate the heal 
whicJi passes into U ; but keep one ^de of the fragment exposed to a cold 
inedium, 03 tho crust of tlio earth is, and it will require very much stronger 
beat to melt the otLier ade. If tho eruat ot the globe ware to be brolifn into 
fragments, and these plTinged into Huid matter beneath, probably tlie wliole 
would soon be melted, if t'lo internal heat be strong enough. But so long as 
its outer surlaoo is suTTOuadod by a medium, whose temperature is at least 
— TO", nothing bat a heat inconceivably powerful, can malie much ImpresBion 
on its interior surioce. 

3. A globe of water intensely heated at its center, and covered I^ a, crust 
of ico, is not a just illustration of a globe of earth iu a similar condition, cov- 
ered by a crust of rooks and soils. For between flie ico and water there is 
no infennediato or semi-Huid condition. As soon as tiis ice melts, there ex- 
ists a period mohility amoi^g tlie particles; so that the hottest, because the 
lightest, would always be kept in couLaet with tlie surrounding crust of ice, 
and meld itcontinuaUj more and mote; especially as ice, being a perfett non- 
conductor of heat, would not permit any of it to pass through, and by ra- 
diation prevent the melting. On the other hand, between eolid rock and 
perfectly fluid lava, there ia every conceivable degree of spissitude ; and of 
course eveiy degree of mobility among the particles. Hence, they could not in 
that somi-fiiiid stratum, arrange themselves in the order of their specific grav- 
ities ; and therefore, the liyer.of greatest heat would not be in contact with 
llie unraelted solid ruck. True, tlie heal would be diffused outward-;, but so 
long as the hardened crust could radiate the excesa of temperature, the melt> 
in;! would not advance ia that direction. This would lake place only when 
the heat was so excessive, that tlie envelope could not throw it off into 



FOEMKR IGNDOITS FLCIDirr OF THE EAKTH. 

We Lavo already shown tliat probably tlie interior of the earth 
ia in a state of igneous fluidity. We now advance a step farther, 
and Bay, that previous to the formation of tho lowest solid rocks, 
the whole globe was ia a state of igneous fusion, and that its 
present crust has been formed by the cooling of the surface by 
radiation. Many of the proofs of this posilion are also the 
strongest ailments for tho present internal heat of the caith. 

Proof {1). Ths Spheroidal Fiffure of the Earth.— This is tho 
strongest of all the proofs. Tha form of the eartli is precisely 
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that which it viouid assume, if ivhile in a fluiJ state, it began to 
revolve ou its axis witJi its preseut velocity ; and lienco tho pi-oba- 
bility is strong that this was thu origin of its oblatencss. But if 
originally fluid, it must have been igneous fluidity ; for since the 
solid matter of the globe is at present 50,000 times heavier than 
the water, the idea of aqueous flnidity is entirely oi'.t of the ques- 
tion. If the rate of revolution had been greater than it is now, 
the poles would liave been flntteaed more, and if the rotation had 
been less r<apid, the poles would Lave been flattened less than at 
present. To have formed a perfect sphere, there must have been 
110 rotation at all. 

Proof (2). All the crust of the globe 1ms been in a melted state. — 
As to the older unstratified rocks nearly all admit that they are 
of igneous or aquco-igneoiis origin. As to the aqueous and 
melamorphic rocks, also, it will bo admitted that they were orig- 
inally made up of fragments derived from the unstratifled rocks ; 
and consequently that they have been melted. Hence if the en- 
tire crust of the globe has been melted, it is a fair presumption 
that it was the result of the fnsion of the whole globe. 

Proof (3). The universaUtif of a tropical or ultra-tropical 
climate, in the earlier geological ages, and in high latitvdea. — If the 
earth has passed through the process of refrigeration, there must 
have been a time, when the whole surlace had sueh a high tem- 
perature, as 13 denoted by its organic remains. A climate, also, 
chiefly dependent on subterranean agency, would be more uni- 
form over the whole globe, than one dependeut on solar influence : 
and the first appears to have been the agency in those remote ages. 

Oilier Sappasi'tions. — 1. Lyell has propoaod an hypothoais, dependent upon 
the roliilivu liei^lit of laud ia high latiludes at diU'erent periods, to explain 
tJie tropioU ehuraeter of organic remains, without the aid ofa secular refHger- 
ation. But tliis has already been treated of. 2. Another hypothesis baa 
been advanced with much confidenoa by certain writers, not, however, prac- 
tical geologists, to the same effect It supposes tJiese organic remains to 
have been drifted after death thim the torrid zone. But their great distance 
in general from the torrid zone, the perfect preservation, in many oases, of 
their most delicate parts, with otlier evideneea of quiet inhumation near the 
spot where they lived, sueh as the preaervarion io several cases of the Boiler 
pait3 ol" ihc animals, render audi a supposition wholly untenable. 

Proof (4). — This theory furnishes us with the only JcTUiwn ade- 
ijuale cause for the elvvailon (f mounlmn chains and continents. 
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OTHER SUl-POSED CAUSES 

1. Ear(hqiuike3. — Examples liave lieen given in anotlipi- placo of small and 
limited elevations of land, produced by earthquakes. And it lias been niain- 
Liined lliat an itideliuite rtpetition of such events might elevate the highest 
Einnntains, if they took place on no largnr scale thanatBreseut. Eutit steema 
to be Batisfeulorily provtd, that some elevations at least, Bueh as those pro- 
duoing the eoonnons dislocations in tho north of England, have oceuiTed to 
an extent of several tliousaud leeC, by a sioglo paroxysmal effort ; n'hereas 
the mightiest effecta of a modem eariljqimko have produced elevations only a, 
few leet, and in most oisea tho uplifted suffjce has agaui subsided. Again, 
there is little prob^ility that a sueeesKion of carthqualies should take placo 
along the same extended Imo tll^ol:^;il so many ages, as would be necessary to 
raise some exisl^g mooatiun ch^ns. Earthquakes 'may explum some slight 
vertical movements of limited districts ; but tho cause seems altogether inado- 
qoate to tlie effect, when i^iplicd to the elevation of continents. 

2. Egraimon of Rocka by Seat, — A block of granite, five foet long, if ita 
temperature be raised 96°, will expand 0.027793 inch; a block of crystallino 
marble, 0.03364 inch; sandstone 0.051914 inch. By tliese data it appears, 
that were the temperature of a portion of the earth's crust ten miles tiiick to 
be raised 000°, it would cause the sur&oe to rise 200 feet. A greater heat 
would produce greater results, such as have taken placo in the earth's 
history. 

This cause, tlierefbre, though it may perhaps explain such verUcal move- 
ments of parlioolar rejtioDS as are taking pLicc in Scandinavia, Greenland, 
Italy, England, etc., seems inadequate to account for tho permanent elevation 
of lai^ continents. If tliey had been raised in this manner, and the same 
remajt applies to some extent to earthquakes, we should hartUy expect to 
find several distinct systems of elevation on tlie same contmcnt, nor so many 
examples of vertical strata. 

3. Caegual coniracfjoii and ervpansion ef land and uiaier liy cnld and !ieai. — 
Assuming the mean depth o{ the ocean to be ten miles, and that it had cooled 
from boiling heat to 40" F., its volume would contract alx>ut 0.042 ; while 
the coDtraetion of the land woidd be only 0.00411. This would produce a 
sinkii^ of the ocean of 697 feet. An increase of temperature wonkl produce 
an oppodte effect ; viz., the partial submersion of tlio land ; tliough it would 
be less than the desiccation, because of tho greater area ovor'which tho 
water would flow. Admitting these diangca of tomperatnro fohavo taken 
place, and tlie theory of csntral heat supposes the former, that is, tho re- 
frigeration, they could not account for the defecation of the globe, becauw 
the tilted condition of tlie strata sliows that the land lias been raised up; 
whereas this theory implies a mero draining of tlia waters. 

4. A change in Oie pimlvm of the poles of tlie globe. — This hypothesis — not 
longffluoe so much in vogue— would explain how continents once beneath 
the ocean are now above it, if we admit the form of tho earth before tho 
change, to have been the same as at present: viz., an oblate spheroid. But 
it would not explain the tilled condition of the strata, cor is it sustained by 
any analogous phenomena which astronomy d 

BFFECIS OP THE EAaT 

Tlie consequences of tlie cartli's cooling aro tliuso t I. Solidi- 
flcalion of the sui-face, so as to form a crust. 2. Contraction, in- 
volving botli subsidence and elevation of parts of tlic crust. 3. 
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Fissures of the crust, or faults, producing diapl 
strata. 4. Escape of licat and eruptions of melted matter from 
the igneous imclcus tbrougli these fissures. 5, Earthquakes. C. 
Configuration of the earth's surface, or the courses of mountains 
and coastlines, and the general forms of fbo continents. 

1. Solidification of the Surface. — This process must have been 
extremely gradual at the first, and still slower after the forma- 
tioa of a cruat. These conditions would bo favorable to crys- 
tallization ; and there may Lave been a genci'al uniformity in the 
crystalline structure, so that there should ho two dircctionB of 
easiest fracture in the crust, a north-east and a north-west course. 
It is probable that largo circular or elliptical areas continued open 
as centers of volcanic action, ■which have been growing smaller to 
the present time, or may have become extinct-. 

2. Contraction. — As the globe continued to cool, its size would 
diminish. After a crust had been formed, the interior portion 
would gradually lose its heat and contract, perhaps leaving a va- 
cant space between itself and the crust. Where the tension was 
too great to be sustained, the consolidated crunt -would collapse 
upon the contracted inferior nucleus, and thus gradually produce 
the present ridged and farrowed condition of the surface. 

F!g. IHL 




Fig. 125 will illustrato tliia point. Tlie outor circle represents the crust of 
the earth, after it had become cooaolidated above tlie liquid mass within. 
This healed nucleus would go oq oontraetic^ as it cooled, while the crust; 
would remain nearly of the same size. At longtli, when it became necessary 
for the crust to accommodate itself to tlio uuoleus, eoatrneted say w the iutier 
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circle, it couM do tbis only by falling down in some places and rfsiRK iii 
oMiers ; aa is represented by the irrejniiar lino between the two circles. Thus 
would tlie sorfaoe of tlie earth becomo pUeaied by the sinking down of somo 
parts by tlieir gravity, and tlie elevation of correspoadent ridges by the lat- 
eral pressure. 

It has been objected that such a sboitening of tUo earth's diameter as this 
hypothe-iis supposes would increase the rapiility of its rotary motion, and 
shorten thelengtii of liie day; whereas astronomy shows that for 2,000 years 
no such changQ has taken place. 

But that period is too short feirly lo test the point j anee it requires a long 
time for tlie tenaon upon the crust of the globe to become so great as to pro- 
duce a fracture; and tJiis may not have occurred since that time. If tliero 
be any flexibility, however, in the earth's crust, gravity must produce some 
depression of it in some places, and elevation in others, before tl:e tension is 
great enough to produce a fracture. And possibly this may bo the ori^u 
of some cases of slight subsidence or elevation on record. 

Tlina a contraction of tlie nucleus boneatU the crust causes o, 
subsidence of the surface in one place and an elevation in another, 
by lateral pressure. This leads us to spealc more particularly of 
tbe depression of the beds of the oceans, and the vertical movements 
of continents. 

DEPKESSION OF THE BEDS OF OCEAKS. 

The subsidence of tlio surface would be greatest where the crust 
was thinnest, and least wliei'e the crust was thickest. When tlie 
crust was sufficiently cool to allow the presence of water, large 
lakes would collect in tbe lowest places, where the subsidence bad 
been the greatest. The parts elevated would continue to increase 
in thickness more than the depresised portions, because tbe beat 
would radiate less rapidly tbrongh tlie former. We must suppose 
that tliis process of the subsidence of tbe basins and the elevation 
of the shores to have continued until oceans and continents were 
formed. Some maintain, as Professor Dana, whose excellent views 
we mostly adopt upon the whole subject of refrigeration, that our 
present oceans and continents have never changed places from tlie 
earliest times, but that tbe oceans have been constantly growing 
deeper, and tbe continents higher, though subject to frequent 
minor variations. 

These principles may be more clearly understood by an eipknatlon of Fig. 
126. The dotted linoao rapreaonis the outline of tiie globe belciro contrai'tion ; 
tiielineee, its present surEioe, liaving a laige ocean, rfrf,in a dLprossio'Fi>f 
thoHUrtiee. At first there may have been numerous small depression.-' in the liis- 
triot now occupied by Hie ocean, too shallow to contain alt the water. As 
the depth increased the wat«r would leave the higher lands and occupy the 
oceanic depression, while the continental shores B b are enlai^ng and rising. 
The depression may not bo uniform, but n^ay be studded with islands, // often 
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volcanic, 03 tie internal fires ebow tbemselvea where tlio cni;t ia vre 
From tliia flsuro we sue timt the amount of lateral eetion dalmcd i: 
great, as t!ie heigiits B B on ilie scale adop(ed correBpond to eleva- 
lions more than twelve miles above tha seFi level. *" 

i"ig. 1, of our first section, illuBtratea these principles in the P 
Allnntio Ocean. The West Indies Islands ot tlio west end of "^ 
the section may be regarded as a part of the western contuicnt, 
as their pnsitipn sliows them to belong to the continental area. 
Fig. 126 corresponds more nearly ii'ith the arrangement of land 
and water in and about tho PacLflo Ocean. 

TEKTICAL MOVEMENTS OF CONTINENTS. 

It is a wen establislica fact, tliat largo tracts of land, 
and even continents, arc row undergoing vertical 
movements, both of elevation, depression, and as the 
result, sometimes a see-saw movement. These changes 
of level can not have been produced by earthquakes. 

Examples *>/ Ekvaiion. — The most certain example of eleva- 
tion of an extensive tract of conntry, in comparatively moect 
times, is that of the northern shores of tho Baltic, investigated 
with great abihly by Von Buclr and Lyell. Some parts of tho 
coast appear to have osperienced no Terlical movement. But 
&om Gotlienburgh to Toriieo, and from thence to North Cape, a 
distance of more than 1,000 geographical mile?, the country 
appears to have been raised up from 100 to '!00 feet above the 
sea. The breadth of the region thus elevated is not known, 
and the rate at which the land rises (in eome places towards 
fburfeet in a century) is different in jiifferent places. Tlie evi- 
dence that sueh a movement is taking place, is priii<ipal!y de- 
rived Irom che shells of tJie mollusc.i now living in the Baltic 
being fhnnd at the elevations above named; and some of tho 
bamaeles attached to the rocks. They have been discovered 
inland in one instanoa TO miles. 

In otlier countries tfroilar proofs are relied vpoa to show 
elevation. In Scotland, England and Wales beaches contain- o 
tag existing Eea>shells are Ibund in many places at various 
altitudes, from a few feet lo 2,300. In Forth America, as 
already mentioned, tdmilar relics are abundant in the Northern States and 
along the southern coast as high as 610 feet. But it has h^en shown iii 
Section IT. that our country baa been elevated at least 3,500 feet duriug 
the alluvial period. 

Mr. Darwin has shown, beyond all question, that tlie eastern part of South 
America has been raised in the irost quiet manner, without disturbing tlio 
jhorizontality of the strata, from 100 to 1,400 feet, over an extent of I.ISO 
miles, since the drift period. It ia difficult to explain such a najvement hy 
common earthquake action. 

Example of Depressi/m. — In the soiithemraw* part of STreden, in the prov- 
ince of Scania, there has been a loss instead ol a gain in the land, amounting 
to several feet 
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has sunk Bfty-eight foot ; wliile at the other extremity thero haa been a riso 
of uiiiety-«xfeet It has iDeen snppospd that the whole of fireenland was 
pjiidually BinUing:. Bat the obaervationa of Dr. Kane show that only about 
300 miles of tlic aoutlieni part is Hinkiwr, while tlio nortbern parts are rising. 
The axis of oscillation i3 (Utile latitude of 77°. The eTidences of elevation are \a 
Hie BuccessLVG terrace* or beaelies, oteo containing mariue shulls, whieb lino 
the sides of tha Corda Upon Mary Mi nturn river there are forty one of theso 
Bhelvea, the biglieat of which is 430 feet above the ocean. They were com- 
pared to the Parallel Roada of Glen Iloy in their geireral aspect. This eleva^ 
tion ia of a comparatively recent date, because deserted atono huts were seen, 
whicli haa been abandoned by the natives in conaequencs of tbeir elevation- 
Darwin and Dana have shown that over a wide area of the Pacific Ocean 
B. part of tlie islands are rising and a part sinkmg by tliis saniie osdllaUiry 



Submarine Forestsi — On the shores of Great Britain, Franco 
and the United States, usnally a few foet beneath low-water mark, 
there occur trees, stumps and peat, seeming to lie ancient swamps 
■which Lave subsided beneath the waters, sometimes to tlio dep!li 
often feet. In many cases the stnmps appear to stand in the 
spots where they oi-iginally grew ; yet it requires great care to 
ascertain this fact. 

l^s Origin of tliese Forests. — It is probable that this phenomenon results 
from several causes. ]. When iho barrier between a peat swamp and the 
sea is broken through, bo that the waler may be drained oB; a subsidence of 
several feet may take place in the soft spongy matter of the swamp, sufficient 
to brings it under water. 2. In a case on Hogg Island, in Gasco Bay, it is 
inferred that some submarine forests u&j have been produced by the gradual 
removal of the contents of a peat swamp, by the retiring tide, alter the bar- 
rier between it and the- ocean has been removed so as to form a slight slope 
into the water. At the spot referred to, the process may be seen partly com- 
pleted. 3. But prob:ibiy most submarine foresta were produced by earlh- 
qua1[i>s, or other causes of sul^deuce, which we find to have operated on tlie 
earth's surfeco. 

Jtmjjfe of Japitsr Serapis. There has beai an interesting Enbsidenee and 
elevation of land at Poazudi, near Naples, aa exhibited by the ruins of an 
ancient Roman temple. The temple was originally built at the level of the 
sea. Sot tbo e<mvenionce of seo-bathers. Snbaeiinently the ground subsided, 
and a lake was formed in the interior of tiie temple, in wUch incrustations 
were deposited from a hot spring as high as 4.fi feet Then the sea brought 
in ashes and sand to the height of seven ieet. Next the area was subjected 
10 a violent incursion of Hie sea, other materials were brought in, and the sub- 
sidence continued to the he^t of nineteen feet above the pavement After this 
third subsidence the sea remained quiet^ and lithophagons molluscs attached 
themselves \o those parts oftho ciJumna within seven or e^bt feet of the sur- 
faca At length the laud gradually rose, untiT the pavement of the temple is 
now on the level of the sea. The sheila were left in the cavities excavated 
by their inhabitants, and thus indicate to us the former subsidence. 

Y\f(. 127 shows the.present aspect of the columns. Those parts of them 
whicli are covered by tha markings of (he Uodioks are indicated by tranis- 
verso lines in tbo flguro. 
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TempU of JuplUf tkrc 



The energy exerted in raising vast tracts of land Ims produced 
tbe foldings in the strata described in Section I. These flexures 
are of throe kinds. When both sides of the curve, or anticlinal 
axis, are inchned at tlie same angle, the flexure is said to be syni- 
metrkal. Fig. 128 represents the Morroa^ and most common cf 
the curves. It is the direct result of a latei'al force crowding the 
strata. If the lateral force cootinues to act after the fonDatiou 
of the normal flexure, it will make both sides steeper, until the 
side most remote from the lateral force is bent under the other, 
as in Fig. 129. This is t\\e folded flexure. 

rig. VIS. Pig. ] 



curious fact that 



the continental el 
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Nearest the oceans tlio inverted anticlinals alone are found ; btit 
gratliially lieconiiug less inclined, till the normal, and finally the 
symmetrical flexures are reaehcd. Fig. 19 shows a natural sec- 
tion of the rocks across the Alleghany range in the eastern part 
of the United States, exhibiting tJiis succession of flexures. In 
Pennsylvania the folded and normal curves appear ; west of which 
are the symmetrical flexures of the Upper Palasozoic rocks of 
Ohio. For the discovery of this beautiful series of curves the 
world is iudehted to Professors II. D. and W. B. Rogers. 

As the strata are elevated to form these curves, igneous mat- 
ters would fill the vacancies beneath the arches, and thus assist in 
the process both by sustaining the strata and by increasing their 
pliability through the transmission of heat. The Professors 
Rogers, in accounting for these flexures, admit a degree of lateral 
action, but argue that this action proceeded from the propelling 
force or thrust of moving waves of igneous matter, or the natural 
undulations of the liq^uid iuterior. 



Fissures in the crust of the earth are produced by the unequal 
contraction of its diff'erent parts — the weight of one portion being 
too great to be sustained by other portions of tlie crvist ; hence 
there will be a forcible rupture of the strata, and the layers, once 
continuous, may be displaced, sometimes hundreds of feet. TJ:e 
direction of the fissures may coincide with the tendency of the 
rocks to cleave in a general northeasterly or northwesterly direc- 
tion, or be modified by the eize and relative positions of large 
areas contracting unequally. 

Many of the fissures thus produced may be arranged in systems 
of uninterrupted or parallel lines instead of single lines of great 
length. Sometimes these lines, or systems of lines, arc curved, 
li'issures often occur along anticlinal or synclinal lines, as in Ji'ig. 
40, because the rocks are weakest along these ases. 

4. ESCAPE OF HEAT AND MKLIED MATTEn, THBOtTOK FISSURES. 

Dykes are eruptions of melted matter filling up fissures ; their 
injection is an effect, not a cause of displacement. 

Like the fissures, dykes are arranged in systems, cither linear 
or curved. It is an interesting fact that these systems eoiTCspond 
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in their mode of distribution with volcanoes. For a fine illustra- 
tion we refer to Percival's lemattably accurate luap of the dykea 
of Connecticut. [See Geol, Report of ConnecticuL) 

The continental thermal spriDgs, djkes of igneous rocks and 
volcanoes are found chiefly along the mountain ranges near 
oceans ; that is, along those portions of the crust ^Yhich have 
been elevated and fractured by the lateral forces produced by 
contraction. The larger these ranges aic, tie greater tas been 
tBe action of heat. For example, along the ranges of the Pacific 
coast of North America, some of them 18,000 feet above the 
ocean, dero are immense active and extinct volcanoes, besides 
vast basaltic overflows ; while along the Atlantic coast, where 
only a few peats exceed 6,000 feet, there are no volcanoes, but a 
few thermal springs, metamorphic rocks, and fewer dykes. 

The subjects of emptlona nnd eartliquakea have already been treated of. 
They are the legitimate results of tho former igneous fluidity of tho earth, 
but they are also the proofs of ttie doetrine, and roust, tlierefore, bo described 
before statiog the theory. 

6, CONFIGUEATIOIT OF THE EAETh's SUEFACE. 

The earth is a flattened spheroid, marked with elevations and 
depressions — tJio former constituting continents and islands, and 
the latter forioing the beds of the oceans. The average height of 
tlie land above the level of the ocean is 1,008 feet ; and tlio 
average depth of tlie ocean beneath the same level, is from two to 
three miles. TJie proportion of the surface covei'ed byjand to 
that covered by water, is as three to eight; or fifiy-three millions 
of square miles of land, to 144 millions of square miles of water. 

There are evidences of systematic structure in the relative ar- 
rangemeuts of land and water, but especially in the configuration 
of the continents themselves. The northern hemisphere contains 
more than three-fourths of all the land on the globe ; and if the 
north pole be shifted to the south part of England, nine-tenths of 
all the land would be in the northern hemisphere, while the 
water would be mostly in the southern hemisphere The land 
is in two great areas, the Eastern and Western Hemispheres 
They nearly unite about the north pole, but towards the =onth 
pole divide into three great peninsulas, diverging in differtnt 
directions ; viz,, SoiHh America, Africa, and Australii, which last, 
witli the adjacent islands, may be viewed as a southeast prolonga* 
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tion of Asia. There is a tondency to a triangular form in the 
Bubdivisioiis of tlie land, as in Africa and tlio two Americas. En- 
circling tlic earth in the tropics, there is a ncai'Iy continuous, 
though irregular bolt of water. 

An order of arrangement may bo seen more clearly in t!io 
trend* or directions of iskitds, coast lines, and mountains. The 
islands in the Pacific Ocean, which are properly the peaks of sub- 
merged mountain ranges, have a prevalent northwesterly trend, 
and there are several systenis of islands nearly parallel to one 
another. The coast lines have mostly a northwesterly or north- 
easterly direction ; and it is tUo constancy of these two directions 
which has given to so many of the contJneutal subdivisions a 
triangular fonn. All the shores of the Americas and Africa, tho 
western of Europe, anil the soutbcastern of Asia, have one of 
these courses. And as in all these continents there are great 
ranges of mountains parallel to these shores, it will be observed 
that these two general directions belong to them also. 

A careful examination of all the trends of island groups, moun- 
tains and coast-lines, results in the following laws : 

(a.) The ranges are made up of shorter consecutive and some- 
times parallel lines, instead of being uninterrupted for long dis- 
tances. All the parts of Fig. 130 illustrate this law, 

F,„ ,-„ (h) The ranges are more com- 

— " nionly curveil, than straight or cor- 

'-= — r^. _^^;^^ responding to a great circle of the 

~ ' " -- ,. _ earth, as in J, c, d, and /. 

^^__ '' (c.) Thestraightrangcsmay have 

— either straight or curved constitnent 

~~ " lines, as a and e. 
' ^1 -- a {<!■) Curved ranges may arise 

"" " from a general curvature in the 

-^,. ^ whole, as is represented by the 

^•— ^— ^«fc_^ (dotted lines in h and d, or from the 
_ positions of the constituent paits. 
"" ^ I *"! " _" -■ -'' {e) The same range may vary 

greatly in its course in different 
portions of the ivhole. 

(/■) When two courses intersect each other, Ihcy meet nearly 
at right angles, but they may directly unite by a curve. 
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Pig. ISOilluEtTatestheseditrereiitlEiwH. Ttie etniight or currod lines reprceent 
the parts of the ranges; thatis,saccessivepeak3 ol'mouutalna, oristutid^inthe 
ocean ; and the general direction ol' tlic smaller lines shows the course of tlie 
ranges. If one examines the latest and most accurate maps, he will Bnd all 
these raoges illuEtrated in the great mouDtain ranges of the globe, and espe- 
ciallj m Ihe islands and coasta of the Pacific Ocean. For example, tlie Sfs- 
tem of curves ia e may be seen b; observing tbe curves along tbe A^aUa 
coast ttom Alaska, in Russian America, to Siam. / maj be illustrated by 
the Azores or Western Islands. 

We may conclude from these laws tliat there la a system in tlie 
grand outlines of the eartL, although we may not as yet be fami- 
liar with all its details ; that all over the globe, northwest and 
northeast lines prevail, corresponding to the general cleavage 
structuro of the eruat ; and that those lines or ranges do not con- 
form to the great circles of the earth, but are often quite irregalar, 
and even intersect one another. 

Typical Form of Continents. — The simplest continental fea- 
ture is that of a great basin, bordered by mountain ranges, and 
having a general triangular shape. Sections across all the conti- 
nents illustrate this featnre. Fig. 131 shows a section across 
North Amoriea, having the Appallachian ranges upon the eastern 
border, the Rocky Mountain ranges upon the western border, and 
the great plains of tho western and southern United States for 
the interior and depressed portion of the basin. Figs. 132, 133, 
134, 135, sho\^'the same features in South America, Africa, (as 
ascertained by Dr. Livingstone), Europe, and Asia. 

We wiU state a ivw n r'ijulara respecting the continental features of North 



Tlie general outline of North Afiierica is triangular, and in this 
respect it is a type of all continents. All the shore lines coi'res- 
pond with the northeast or northwest trend. They may be ob- 
served upon both shores of Greenland, the northeast coast of 
Labrador, and the Atlantic coast, from Labrador to Panama. Tlie 
western coast ha'i the northwesterly trend throughout. 

The prominent mountain ranges are situated upon the borders 
of the continent, parallel to the coast lities. The Laurentian 
mountains in Labrador and Canada have the same trend with the 
Green Mountains in New England, and the Appalachian ranges of 
the Middle and Southern States. The great ranges of the Pacific 
coast are continuous from Russian America through the Pioeky 



Ho.led by Google 



Jlountain ranges to Central America, there uniting with the pro- 
loii^tions of the Audes ranges of South America. 

It will bo observed that the smallest of these ranges face the 
smallest oceans ; and that the greatest elevations are opposite to 
the lai^est oceans— the low Appallachians facing the small At- 
lantic, and the lofty Eocky Mountains, a double line of heights, 
facing tlie hroad Pacific. By referi'ing to Figs. 131 to 135, it 
will be seen that everywhere the liighest mountains stand fronting 
the Jargcst and dee] 




The coasts of North America in general are so turned as lo 
face the widest range of ocean. The Appalachian coast does not 
face Europe, but southeast, towards the great opening of the 
Atlantic ocean, between America and Africa. So the western 
coast docs not fece Asia, but the broadest range of the Pacific 
ocean. Tliis is a principle of universal application. 

In North America the lai^r ranges fhow grenter fiction of 
heat. The vobianoes are found only npon the Pacific slope : and 
the effects of heat are moslly confined to the borders. ITiere are 
no volcanoes and scarcely any metamorphic rocks in the great 
interior basin, while the eft'iicts of heat are everywhere seen near 
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the oceans These facts are in- accord an co with the genera! prin- 
pl til t tl tl t tl hotter the fii-o. 

S too th t t I g tl b rdcrs are contorted and often 
t dwh! til tn tb y have scarcely Iwcn disturbed 
f m th g 1 pos t H ce the general principle, that 

th a th w t fl a>t tl plications of the rocks. 

Prof D 1 Id tl t tl ontJnent has always had the 

same shape it now has ; that from the earliest times it has gradu- 
ally been growing, just aa a tree continues to increase in size, 
retaining the same proportions ; and that all the continents have 
always been the more elevated portions of the crust, and the 
oceanic basins have always been the more depressed portions of 
the crust. 



OF MOtJNTAINS AXD 



The present configuration of the earth's surface has been acquired 
gi'adually. The different parts of each continent appear to have 
been elevated at different epochs. Mountain ranges are not the 
result of denudation, but of elevation. 




Let A B, Kg. 13G, represent a moutitain nnge, with an axis, a, of nnstrat- 
ified rock. Let the three systems of strata, 6 6, ecand dd, rest upon Uieaiia 
a, and upon one another, unconfornmbly, and dip at different angles, except 
dd, whicli suppose horizontal. Now it isobTious that the formations cc and 
I b must have been elevated previous lo the deposition ot dd; otherwise tlie 
latter would have partaken of the upward movemenL And if there be no 
r^ulur member of the series of rocks n-antiifg between d and c, it is ebvious 
that we thus asceHaia the geolo^^cal though not the chroDologicnl epocli, 
whea c c was elevated, c c, however, is uncontbrmablo to 6 ft ; aod tlioreToro 
6* was pardolly elevatad before the deposition ofcc; in other words, 6 6 hns 
experieneed at least two vertical movements- Now this is a just representa- 
tion of tlie actual stale of tilings in the earth's crust ; and hence, by aster- 
taiaing the dip of tlie fbnnations that bib in juxtaposition, ^ 
diliferent epochs of elevation. 

By ihe appliealion of tliepe principles, it is found ihst tl 
Europe have been elevated fit no Icsn tbnii tivctity-four dilTercnt tpochg; tli3 
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oiliest of which dates as fiir biw* as the time when the slates of Westmorelatid 
were tilted ap; and the most recent (Etna and Vesuvius) is said to be subse- 
quent to the deposition of the tertiary strata. 

The distinguished French geologist, M. ISUe de Beaumont, has proposed an 
elaborate theory for the elevation of CDonntaiDS and sjstems of mountains. 
In his work he endeavors to show that mountain clisins have been ridged up 
by ttie plication of the earth's crust as it contracted, in the direction of great 
circles on tbo sur&ce. He considers those chains parallel which lie upon 
different great circles, altliough those drcles cut one another jo two opposito 
points. Hence, if we prolong the course of a system of mountains, m of 
strata, so as to form a great circle tm the globe, we shall discover what other 
mountains were of nearly coutemporaueous elevation. HowCtr on different 
^des of such a circle we may regwd tlie parallel chains as contemporaneous, 
Is not definitely settled. Sut it is clear that some latitude is allowable in this 
respect 

AnoUier fact comes in to modify infeiencca from the preceding- statements. 
It is found tliat along, or near, the same line of dislocation and elevation, 
mountains have been raised up at different cpoclia. 

Hence coincidence or parallelism of direction doe-t not prove systems of 
strata to be contemporaneous. But we must rely on the age of tiie formations 
disturbed to prove the epocli of elevation. 

Eeaumont tliuiks be can identity, in Nortli America, at least four of the sys- 
tems of monntiuns which he has described in Europe, by a prolongafon hither 
of the great circles with whidi they coincide in Kurope. One is the Sj/sleui 
oj MoiWian, which is very andent, and which shows itself in Labrador and 
Canada, and passes norlliwest of Lake Superior to the Lake of the Woods. 
The second is the System of BaHona, which embraces a lai^ part of the coal 
fields of New England, Pennsylvania, Vit^nia, and Tennessee. The tlibd is 
the System of Oie Tkuringerwald, wliich he finds in llie copper region of Laka 
Superior, etc The fourth system is that of the Fyrennees, which was pUcated 
between tho cretaceous and tlie ternary periods. 

It is supposed by Beaumont that mountain chains have been, to a great ex- 
tent, suddenly elevated by paroxysmal movements, not by alowuplicava!, and 
that such sudden emergence of lai^ areas has produc-ed those deatmctiona 
of life on the glot)e, which seem ibr the most part to have been sudden and 
general. 

Most geologists adopt the fiindameutal principle of Beaumont's theoiy, hut 
are unwilling to accept his ultimate conclusions. There is too much room for 
the play of fancy in tracing out contemporaneous mountain clntina on distant 
continents. Most of the ranges may be tbeorcWeally accounted lor, by the 
reciprocal influence of oceans and contiueuls upon each other. 



THE EARLIEST STATE OF THE EAETH. 

The theory of internal ]ieat extends no further back in tho 
worM's history than to the time when tho gIol>e was m a stat« of 
fusion from heat. Bnt the inind naturally inquires what the con- 
dition of the world was at its commencement, or at the eariicst 
period of which we can obtain any glimpse. The earliest records 
are eo vague that different answers may appear e()ually satisfac- 
tory to the same question. Ilcncc it is that so mauy theories of 
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Ihe earth have been failures, as well as a cause of ridicule to geolo- 
gists. It belongs to other sciences than geology to investigate the 
most remote condition and the causes of the earth. 

An hypothesis is advanced by the advocates of original igneous 
fluidity, which supposes that previous to that time, the matter of 
the globe had been in a state so intensely heated, as to be entirely 
dissipated, or converted into vapor and gas. As the heat was 
gradually radiated into space, condensation would take place ; and 
this process would evolve a vast amount of lieat, by which the 
materials wouM be kept in a molten state, until at length a solid 
ernst would be formed as already explained. 

Aitttlogies in favor of Oa's hypothesis. — 1. The nature of cornels sliowa that 
worlds may be in a gaseous state. They have less solidity of coherence tlian 
ft dloud of dust or a wreath of smoke, as stare are viable through them, with 
no perceptible diminulion of their bri^tneaa. Some of them have more 
density toward their nucleus, and others appear to become denser throughout, 
at each successive return. They are self luminous. In these facta there is a 
striking resemblance between comets and the early condition of our planet, 
according to tins hypothesis. 

2. The nebulfe appear to be similar in coropo^tion to comets, though not 
yet actually converted into cornels. They prove that a vast amount of the 
matter ol the universe actually exists in the stale of vapor. 

3- The sun, and probably the fiKod stars, appear to be examples of immense 
■ 3 to he m a fluid state of intense heat. 



r OF OTHEB WORLDS. 

If we assume the history of the eardi to be according to this hypothecs, 
we have a s^dard by wbicli to judge of the advance of other worlds in 
tlie process of reingeration. The comets and some of the nebitlie sppear 
to be in the earliest stage of tho process. They are gitseous, probably from 
excess of heat, yet are gradually condensing. The sun is apparently in it 
state of ixnsoua fu^on ; such a condition as the earth was in during the 
second st^e ol refrigeration. In the third stage of llie process, worlds be- 
come opaque, like the planets ; but we may suppose them to be in different 
degrees of advancement. The planets beyond Mars, (esduding the aste- 
roids), appear to Ijo in a liquid condition, but not from heat, and therefbre 
may he composed of water, or some fluid hghter tlian water ; or at least be 
covered by such fluid. 

Mars, Venus, and Mercury, most nearly resemble onr world. 
Astronomers have fancied that upon Venus the outlines of conti- 
nents can be traced, and that her poles are annually covered 
with snow, which in its season is melted and disappears. And il; 
seems to be enveloped by an atmosphere like our eartli. 

But the state of the moon, as the nearest lieavenly body, has 
been most accurately ascertained ; and it exhibits tho most aston- 
ishing examples of volcanic action, though it is not ocrtwn that 
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any volcanoes upon it arc cow active. But craters, ( 
circular walls, or mountains, exist of extraordinary dm 
Some of tlie cones are nearly 25,000 teat liigli ; and boidc oI tlio 
cratei's, 25,000 feet dcep,bdow tiic general surface ; and the latter 
are of various diameters, even up to 150 miles. TIio inside of 
some of ibese craters presents all tLe wild and ja^ed appearance 
of similar rocks on our partJi. Of the mountains and cavities of 
the moon, ahout 1,100 have been measured willi great accuracy, 
and we have a more accurate map of the surface of the moon 
turned towards us, than of our own planrt. There appeal's to !jo 
no water or air upon its surface. 

Fig. 13J ia a, sketch of one of tlia moat remarkablo volcanic regions ia tlio 
moon, seen a little oliliqueiy, callol Heinsius. 




The question of the haljitability of other worlds geology does not anawer, 
further than to august that beings of such an organization as man could not 
exist in the intensely heated celoatial bodies, or upon planets whose speeific 
pTdTity or want of water and air present insuperable obstacles to his abude. 
Wliether such worlds are inbabited by other orders of beings ia a matter of 
conjecture. If the moon was inhabited by beings like men, it most be that 
their woriiB would be noticed by our powerful telescopes, ibr objects can be 
discerned through tixeai tiaviDg a diameter of 300 feet. 
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SECTION VI. 



The metamorpLism of a rock is its transformation from o?;o 
kind into anollier. Oonsuqucntly it takes place after the original 
formation of the rock. 

The term " uietsniorphic rocks" ha? been oaed by Sir Charles Lyell and 
others in a much more limited sense, to designate a cIbhs or rocks (mica scliist^ 
talcoae aoliist, gneiss, elc.) that have been so transformed as to have become 
crystalline, nod Co hare lost, for the loost part; their original structure. But 
this is only one case of metamorphism. Professmr John Phillips, also, liniita 
metatuorphiani to rocks that have been Altered hy heat ; whereas it appears 
that water and oiJier agenla have played quits aa important a part in the 
change aa heat. 

Affents of Metamorphism. — Heat is a most important ^ency, 
and a ceitain degree of it is probably indispensable ; and yet other 
^eaties effect important transformation of rocks at a temperature 
not above that of the atmosphere generally. Yet the most strik- 
ing examples of metamorphism were first observed in the vicinity 
of trap dylAs, where chalk was changed into crystalline limestone, 
clay into clay slate and mica schist, and fossils were obliterated. 
Hence it was natural to suppose that whenever each effects were 
seen, dry heat had been the caase, since the trap dykes were re- 
garded as having been once in a melted state. But it has been 
found that other agencies might be concerned even in the case 
of dykes. 

Water is one of these agents. It acts in two ways ; first in 
connection with heat, secondly by its power of dissolving all rocks, 
and as the carrier of chemical reagents to aid in the work. There 
is a third mode in which it sOToetimes prepares tiie way for chem- 
ical mctamorphic action, viz., by freezing in the minute fissures of 
rocks, and thus opening them to tlio influence of decomposing 
agencies. 

Profesors W. B. and IL E. lU^ers ftibjeeted Ibrty-eight spscies of BiHeioiia 
lYiiiiorals, rocks, gla^ porcelain, etc., to Iho action of pure waiter and of water 
chai^:ed with carbonic acid. Tho minerals and rocks wore such aa feldspar, 
liomblende, augite, siiorl, miqfi, talc, chlorite, serpentine, epidotis dolomite, 
chalcedonv, obsidian, gittiss, greenstone, lava, etc., and t!ie result w.ib. that 
all of tJiem were acted upon by the earbonatad water, and in a slijtht degree 
by pare water. Quarta was not among them. Tliis, in a pure state, is ab- 
solutolj insoluble by water or by any acid save the fluoric There is a form 
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of silica which is soluble, and if It be converted into silicates, as in most of 
the mtberals used by Professors Rogers, it is fuiiible, and is Ibund in most 
mineral waters. The decomposition of thdse silioates is accompli^Iied in a 
variety of wajs, and usually leaves an excess of silica in a free state, wMch 
forms qiiartE. 

How deep water penetrates into the crust of tbe eartli we tnow 
not. But wo know that it possesses an astonishing power of 
working its way into fissures and pores. Especially when con- 
verted into steam, and kept in by strong pressure, we can hardly 
set bounds to its int«rpenetration. We know that rocks deposited 
in water aro several miles thick, and in some of them water is 
chemically cora]:ini.d 

We might suppose that the increiMng heit as we descend into 
the earth would e^pel ill the ■v\3tt.r, or at leiit drue it near the 
surface. But t!ie phcnomeni of lolonoes leads to a diffei'ent 
conclusion. The immense quantities of steim th a e po d 
forth from the craters deraonbtr^te the presence of wa a a 
great depth, as do the eruptions of mud, ctlled Moyit, Sou b 
America and in the Caucaeai, and which m one vo no n Ja a 
became a river of mud and diluted suiphuiic acid B t he mo 
remarkable fact ol al! is, that ejected molten la^a p iA> b y ow s 
its hquidity to water. When a stream of it is poured forth, steam 
escapes from the snrfaco, and a crust is formed in consequence, 
which prevents the escape of the condensed steam within, except 
when cracks aro formed ; and hence tbe fluid state is preserved 
within for a long time ; nor till that has escaped will it be con- 
solidated ; so that in the opinion of some of the ablest writers on 
volcanoes, such as Scrope, liquid lava is an aqueo-igneous fusion. 
The heat is found to be not high enough to produce liquidity 
without water. 

Suppose, now, the water in the stratified rocks to be highly 
heatfld, and yet essentially imprisoned by impervious strata at the 
surface ; it is easy to conceive that they might reduce the rocks 
to a fluid or seroi-fiuid condition without destroying the planes of 
stratification or producing a complete fusion like that of lava. In 
that state such chemical changes might occur as would give a 
crystalline structure, form new simple minerals and produce planes 
of cleavage, foliation and joints. 

But thougii hot water and steam would produce powerful meta- 
morphic effects, they would he very much increased if we suppose 
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that water to contain in solution chemical agents of great power ; 
for instance, carbonic, sulphuric and muriatic acids, sulphuretted 
hydrogen and alkaline carbonates. There is no rock, except, per- 
haps, pure quailz, that coaid withsfand their combined action. 
They would al! be softened and made so plastic, that in the course 
of centuries all the changes exhibited by metamorphic rocks 
might be brought about. 

We have a very striking esample of such agenoiea in the Hocount ^ven ua 
by Foreai Shepherd, Esq., of the "Pluton Gejsers, oFCahfornia." These are 
iiat apriags, which throw out ial^niiiUingly and spasmodically, powerful jets 
of steam and scalding water ; their tempocature varying from 93° to 169" 
Fahr. Sulphuric acid and snlpburetCed hydrogen, at least^ according to Mr. 
Shepherd's account, are present, and probably other enereetio ingredients. 
Says Mr. Sheplierd, " yon Bod yourself standing not in a solEitaro, nor in one 
of the aalsaa described by the illustrioaa Humlioldt. The toeka around you 
are rapidly dissolving under the powerfiil melamorphic action going on. Por- 
phyry and jasper are transformed into a kind of potter's clay. Pseudo-trap- 
peaji and magnesisn rocks are consumed, mueli like wood in a slow fire, and 
go to form sulphate of loagnesia and other products. Granito Is rendered so 
soil that you may crush it between jonr fiagers, and crusli it as easily as 
bread nnbakea. The feldspar appears to be converted partly into alum. In 
the meantJme the bowlders and angular fragments brought down the ravine 
and river by floods, are being cemented into a firm con^omemte, so that it is 
difficult to diaUidge even a small pebble, tiie pebble itself somcUmes breaking 
before the oemenlation yields." Mr. Shepherd adds; "the metamorphic ac- 
tjou going OD is at this moment effecting important changes in the struL'tcre 
and coulormalions of the rocky strata. It is not efcitjonary, but apparently 
moving slowly eastward in the Pluton Valley." (Am. Journ. ScL, vol. lii. 
So. 3, pp. 157, 158). 

This spot seems to bo an opening into the great laboratory of 
nature, where wc get a glimpse of the mighty work she has been 
carrying on in almost every part of the earth's crust during the 
past geological ages. "We have resson, however, to believe that 
the action was more poworfiil in past times than at present, bo- 
cause the earlh's crust wa* thinner, and volcanic agency more 
common and enes^etic. Yet at the Pluton Goysera it is energetic 
enough, and that too at a very moderate temperature, to melt 
and transform al! known rocks, unless it bo pure quartz. 

But though a lerj high degree of heat does not seem to be 
necessary to most cases of metamorphism, yet it is essential that 
there should be an increase of it in nowlj formed strata, tbat they 
mav be changed ; and how may we suppose this to have been ac- 
comphshed. 

An eminent mathematician, Professor Pabbage, in 1834, pro- 
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posed a tlicoiy to aliow liow tlie suifaccs of equal temperature 
ivitliin the caxtb'a crust mijjbt experience changes iu a veit'cal 
direction. Tiiusi, suppose A B, Fig. 139, to be the ocean's sur- 
face, anil AD its bottom, rising iu(o a, continent above A, Let 
G F be a line of equal temperature, say two miles below the 
ocean's bed, wliich line would be essentially parallel to the eur- 
face. Let now the accumulations of sand, clay, and grave!, which 
are constantly going on in the ocean, raise its bottom to A C. 
Tiiis coaring of non-conducting materials would prevent the escape 
of the heat, which rises from the heated interior, and cause it to 
accumulate at a bigher level, so that the isothermal OF, (line of 
equal temperature), would rise to GE; that is, as high as the 
bottom of the ocean had been filled. The increase of licat might 
bo sufficient to produce the metamorpbisms ivliicii t 
of the stratified rocks to hav 




Another consideration deserves to be taken into tlia acooimt. 
Different beds of rock require for their fusion, or semi-fusion, very 
very different degrees of heat. Hence, heat permeating upward 
through the successive beds A, E, C, D,E, Fig. 139, miglit almost 
entirely melt some, (D) partially fuse othei's, (B) obliterate the 




fossils iu one, (E) and leave tbera more or less distinct in olhcrs 
(C and A). This is exactly what we find in the earth, and ■what 
wo might espect in theory. 
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Another fact may be explaiucil on tlie same principles. If we 
examine a rock formation over its wliole horizontal surface, we 
elialj find eometimea that it has niidergoue very different degrees 
of metamorpbism in different pai-ts. In one poitioit of the 
field wc find tbiit tfio oi'iginal lock has been traCBfot'med into 
gneiss, and in another into mita schist, (as in the iloosic Moun- 
tain range in Massachusetts), in another part (as in Canada), but 
little altered, and containing organic remains. The Ktateinents 
above made show ns how these different degrees of metamor- 
pbism might have occurred, eitlier by the different degrees of 
fusibility in the matenals, their different composition, or the 
greater or less amount of heat introduced into them. 

The above facts and reasonings authorize a more sweeping con- 
clusion, viz., that almost every rock is capable by metamorpbism of 
being converted into almost any other. It is usual to suppose that 
we are to find in the inetamorpbic rock only the ingredients that 
exist in that from which it was derived. But if the latter be 
made plastic by aquco-igneous agency, why may not the water 
present contain other ingredients not in tlio original roek ? And 
who can set limits to the varieties of rocks that might thus be 
produced. 

In view of auch facts, also, we can readily assent to Bischoff's 
conclusion, when he says, " the mineral kingdom, therefore, con- 
tains notlimg tliat is unchangeable, unless, perhaps, it be the noble 
metals, gold and platinum." 

A third important agency in metamorpbism is the atmosphere. 
Its four constituents, nitrogen, oxygen, caibonie acid, and aqueous 
vapor, all act upon the rocks, not merely at the surface, but by 
means of water they are carried deep into the earth, to furnish 
probably a large part of the chemical agents that are active in 
motamorphisra. Thus nitrogen and oxygen uniting form nitric 
acid, and nitrogen combining with the hydrogen resulting from 
organic changes, forms ammonia ; and both these agents, nitrie 
acid and ammonia, carried by water into the crust of the eai'tb, 
form very energetic agents of change, we know not how deep. 
Carbonic acid, also, is soluble in water, and is thus introduced 
among the rocks, which it dissolves by direct actiotj and by unit- 
ing with other ingredients to form other reagents. There is 
enough in the atmosphere to contain 2,800 billion pounds of car- 
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bon, and tliis carbon acts as a carrier of t!io atinosj>liQric oxygen, 
first introcluciug it among t!ie plants and locks as earboiiio acid, 
and leaving it by other combinations to escape ag;iiii. Tiioso at- 
mosplieric agents operate quietly, but the auioiintof disintegration 
exhibited almost everywhere by the rocks show that the work is a 
mighty one. Tho atmosphere, which, as wo breathe it, seems so 
bland and inefficient, is, in fact, silently cruroblirig down the solid 
rocks, we know not how deep, with a power compared with whieli 
the effects of the quarrynian and the miner arc mere infinites- 
imal blows, 

A fourth metamorphic agency at work in the earth is galvanism. 
All chemical changes do, indeed, imply the prcsenco of this force ; 
but we know of no other agency which, in rocks bnt partially 
plastic, could transfer ingredients from one part of tho mass to an- 
other, as seems to have been done and to be now doing. Thus, a 
vein of copper ore has been divided by a transverse crack, bo that 
the two ends were separated some inches. But the fissure was 
subsequently Slled with sand, and after some years it was found 
that the vein was continued across the opening by the introduc- 
tion of copper ore. Again, how but by galvanism can wo ex- 
plain the production of cleavage, foliation, and joints? These 
liavo required a polarizing force, and galvanism is such a force. 

Having pointed out the most important agents of metamorphism, 
wo proceed to enumerate their efiects as tliey have been traced 
oat in nature. 

1. Plastidtjf of the older rocks subsequent to their consolidation. 

This has not liitlierlo been laid down as an admitted principle; but sniis- 
factorj- proofs of ita Irillli liave Eiilea under our notice, which its importauco 
leads US briedy (o state : 

1. It is admitted geiierjily by geologista that tho stratified roclis were de- 
posited from water, and consequentlj with the excaptioii of a very few, per- 
haps, tliaC ciystalized at oiico from solution, thcj must have be^n in a soft 
stale. ]n Eio>, they must liure been mere acoomulations of materials more or 
less grouad down and brougiit together by meclianical agency. 

2. These materiali must sabaequently have liardeoed into rock, m order to 
Ibrm sliales, saudsCones, conjiilonierates, and fossiliferous, earthy and compact 
limestones. Though the oementiDg material of such rocks must have been 
under the influoDce of chemical agency, yet the grains and fragmente o( tho 
body of tho rock remain nearly unchanged, bearing decided miirks of the 
mcchanioal forces by which tiiej wero crutilied, rounded, and comminuted. 

3. But BubBequgntly these roolts must have been bronglit into a Rtiilo more 
or less plastic This was indispensable in order to produce tlie following 
oiTeets, whlcli wo find these roolta lo h.ive experienced. 

1. Their tcxtui'o has bocQ more ix lees changed &oia mechanical into crys- 
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fciniiic Wo Hn3 Iha proco'B Imleail in all iis atagea, and tliia enablea ua to 
prove that it liaa uci.u.illj' tiikoii ykoi-. 

2. The orgaiiio ruinaiiia in tliese rooks liavo been Eometimcs elonpited, or 
oihto'wi'fls ilistuMcd, so ns it coulJ liave tmen dono only wiiiljiiia plastic stnti\ 
Jlore often theae remains liavo disip]m;irGd entirely, an I a, crjsloliiuo toxturo 
lias BUpen'aiied. Tbis could have been don* only by ohemiaJ agoocy, wliilo 
tiio materials were iu a yielding; fCato. For s, eliange of crj'scallixalioii cm 
tiike ylam only wliere tiie partides are frca to obey the laws of molecular 
action Ibr brinj^ng tliem inia new positions. 

.3. Tlie alrata and folia of rocks now bigUly cryBtalllne, liove been subjecl 
to remarkable foldings and conlonlous, bucU rsodI/ a pUiEtic state ofUic ma- 
turial ^rill explaiji. Fig. 18, in Section J., rcpresouti a bloclc of gueias, and 
interfUratifled hornblende achial^ hLs feet long, obtained from tlio bed of Doer- 
field river, at Shellitinie FaJla, in Massaulmsetta, and now a part of Oio peologi- 
oal collection at Amherst CoUege, Kb peologial ^^11 doutjt tliat mcclianical 
prpsaure must have produced tlio beaiitiful ciiryaturea of the lnyera. It may, 
indeed, be supposed that the Iblding took ]:Iace when the materials n'ero in 
the form of day. .But it is doubtful whether snch great perfection in the 
curvatures could have l>een produced in clay, and retained tliroi^th all tlio 
subsequent elianges wiiiob liave reanlded in a, highly crystalline condition. 
Moreover, some of the lbldin,«s in. tbia rock hare an angiilar sharpness wliioh 
we have never seen in clay, as in tlia subjoined sketcli iu Fi^. 140, taken at 

Flu. UD. 
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ilio EQDio locality ; and, iudeot], tlio specimen exliibitcd on Fig. 1 8 shows to 
tbo ejo u mullituile of Budi curraiuiesloo minute lo be exhibited on tba 
(Irawiug, Tliey seem to l>a the reault of Btroiig preesure on line iblia of rocic. 
Mild liaviug somewlial of BtiHiieaf?, eo tliat a lateral Iotco would crampleit up, 
ratlier lliHii pi'oduce rejfular ourves. 

4. G ranitie veins mid tiup <lyke& in tlio erystallin-! rocks havo l^eea Fubject to 
dislocations and foldings eucIi as indicate a, ecn i- iliistie condition of tlie rock 
into which tliey have been injected, Wa Kive ouly two examples to illus- 
to this argument. The figure below (Kg. 141) fJiows a vein tf RTanite 
,.._ _i, •■ ,1 1 I.. ..f_ .■ ggtQjjg^ wiiicli lias neither foliation nor 

a crack In the limestone is ohvions fnna 
lla tapering to a point at one end, Tet 
It IS impossihle that a rock could havo 
been split open in such a serpentine 
coHfje, witli pieces of the rock pro- 
jecting one or two inclies on tlio wde, 
ret often not a quarter of an inch 
tl i(k Our Uioory, tlierefore, la, that 
when tliQ crack was made and flUed 
(lot probably, by injection, but by 
ileposition from aqneo-igneoos fusion). 
It nas not ft) crooked as il now Is, but 
n as Bub^quently crumpled up and tlio 
fdia o\ literated by the seml-fii^on. 
llio icin is certainly not one ofsegrs' 
pition as that term is nsnally under- 
flcod for how improbable that pran ■ 
lie should be segregated from Ume- 
etono? Neither can meltcii matter 

I ni e been injected into it meclianic- 
a ly n itliout leaiing off the projecting 
liumnfe of rock. 

llie next case is that of a trap or 
greenstone, pos^sibly doteritie dyke in 
gnc Bs, in fl bowlder four ftet in diam- 
tfcr found in Pclhain, Masaaciiusetts. 
Tins djke, nowhere more tlian two 

II dies wide, encircles the whole bowl- 
der but on one side the two tapering 
(\tremitie3 are separated about fivo 
inthes by intervening gne!^ On the 
otiier side the dyke appears to liavo 
L een Witured and the ends i^parated, 
say Iialf an inch, as'siiown in Fig. 143 
\et tile whole rock shows very dis- 
tinctly the foliated structure of tirmly 
compacted gneiss, whose layers are 
entirely parallel, save that for a l^w 
inches between the extremiUes of 
the dyke they are turned aside a few 
desrees, as sliown below. 

fc one can look at this rock without 

bein^ satisfied that the gneiss niu^t 

1 CT t le dyke « is for.iied, and especially when, 

bLoken off. In Ibia case there is no appearance 
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ofa eroaa Tracluro along wliidi tlie brukon dyke miglit have slid. Whatever 
lateral movement tliore was — and there must liave been one — tlie m^ileriala 
were in such a slate as lo All up the tiaaurcs entirety with cryBtalliiie rock. 
But llii!) must bave been subsequent to the consolidation of the roek , for it 
must liave been mora or less solid in order tUat a fissure should be focmod in 
it for tba introJuclion of the trap. 

5. Some coiiglomorates, with a paste of talcosc schist as a ce- 
ment, and therefore highly metaraorpbic, have had their pebbles 
elongated and flattened siuec their original coiisoiidation. Tliis is 
the most decisive of all the proofs of the proposition under con- 
sideration, and as it has never been adduced, to our ki;owledge, 
we must dwell a little upon it. 

Wc have found two very decided localities, and widely sepa- 
rated, to which wc can appeal for examples. One is near Ncw- 
]w. t in Rhode Island, only a little over two miles east of the town, 
liiit within the limits of Middletown, Perhaps the phenomena 
(ire most strikingly exhibited at the place called Pulsatory. But 
the rantje of remarkable congloin crate commoucing tliere extends 
four or five miies nortlierly, retaining essentially the same charac- 
ter. In looking at the roak one is struck with three peculiarities. 
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One ts, that it seems to consist almost ontiiuiy of pebbles and 
bowlders, witb very little ccuieiit. AnotUcr is, that the pebbles, 
cvidcmly rounded by attrition, arc elongated, and t!ie longer axes 
are all parailcl. The extension is often very great \A'e luive 
seen some of the pebbles or bowlders four and even six feet long, 
and not more than a foot in diameter in tbo middle. Tliey often 
reaeinble a mass of eandy or wax that has been drawn ont vhen 
warm — as in the pebble ten inches long shown below, on Fig. 143. 

llg, li3. 




A third circumstance is, that the masses of this root are erosseJ 
at short distances by very distinct joints, which generally cut tlio 
pebbles in two witJi the cleanness and often tlie smoothnass of a 
knife. They run east and west, or at right angles to the strike of 
the rock, and are perpendicular, so that when masses of the rock 
have been removed vertical walls remain, often tea to twenty feet 
high, showing the cut-off pebbles most distiaetly. Acres of these 
walla may be settn in an honi^'s walk. 

If the pebbles be carofnlly examined, many of them will be found 
flattened by a force acting at right angles to their longer axis, so 
that a cross section will approach a square or parallelogram, as in 
the sketches below, on Fig. 144, tiiken from two pebbles from two 
to fourteen inch 




Tlie pebbles are nearly all a giay. rather compa. 
times white, and approaching the h valine variety. On breaking 
the pebbles, however, many of tliem Kcem lo have undergone 
some change, verging towards taleosc schist, and tboir surfaces, 
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mall octahedral 



as well as the talwsc cement, are thickly set m 
crystals of magnetic iron ore. 

These facia lead iucvitabiy to tJie conclusion tJiat the roct Las 
been in a somewhat plastic condition since its original consolida- 
tion. The case is even stronger than that of the elongation and 
distortion of organic remains, and these !iy common consent are 
thus explained. Whetlier we can tell exactly how the elongating 
and compressing force operated, wo are sure that these pebbles 
must have been acted upon by it in a direction perpendicular to 
the stnke ; and if they had not been softened, though they might 
have been crushed, tlicy would neither have been elongated nor 
flattened. 

At the other locality, which is iu North Walliogford, Vermont, 
where the pebbles are cementetl by taicoso schist, they are not as 
much elongated as at Newport, perhaps ; but some features are 
shown more distinctly. Though the pebbles arc mostly quartz, 
they are occasionally granite and probably some other rocks. The 
quartz Is white, almost hyaline, and much pnror than that at New- 
port Yvt have its pebbles been so coniprease<l and bent as to prove 
them to have been in a plastic condiiion. Fig. 145 shows them 
as they appear on the surface of a joint crossing the layers at 
right angles. Fig. 14C shows a single pebble, ten inches lonj^, 
not only elongated but bent. 




The same bending is manifest on the cross section? at Newport, 
jut wo did not notice any examples quite so striking as at "VVal- 
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lingford. The congiomerato at the latter place, which froqueiitlj 
passes into the green talcoae schist that forms its cement, has a higt 
westerly dip. The pebbles were derived for the most pai't fioir 
quartz rock such as is abundant along the west side of the Greet 
Moantains, which may be of Devonian ^e. To prove this semi 
plastic subsequent to consolidation, is to make it probable that a,'.. 
rocka exhibiting a similar metaniorphiam were so also ; for quartz 
is the most difficult of all to bring into that condition, and did nol 
facts compel us to admit it, we should perhaps say it is im- 



6 Ttie superinduced struetnres In the ervstalline slafea and soliisla, eliow 
that they must have been in a semi-fluid state when tiieso were made. Wc 
refer lo cleavage, roliation and joints. Whatever theory wo adopt as to Uieir 
mode of Tormation, a yielding staie of the ioRredionts was essential, whether 
we suppose ^vith Sir Jehu Herschell, that cleavage is a sort of crystallization 
ill plastic materials, or that, as Sharp and Sorliy mmntain, it lias resulted from 
compression and extension ; or, as to folialion, i^ as David Forbes supposes, it 
has resulted from chemical action; or, as to joints, if wo regard them as duo 
solely to slirinkage and fracture. In all these cases, however, of cleavsge, 
folljtiou, and joints, (we add the latter because they seem (o us to belong to 
the same general class of phenomena, and not to be explicablo by amplo 
meclianlcal agency,) we must, with Fi^esEOr Sei^wick, supposo palarizinir 
forces (ex. gr., heat or galvanism), to have been eoneomed, nod these require 
the molecular movement among the pu^des which only plasticity can give. 
We know t!iat >ointB are sometimes Ibuud in rocks that have not been niucli 
softened, and of course chiefly by mechanical agencies; but we do not believe 
that such as occur in the quartzose conglomerates of Rhode Island imd Ver- 
mont could Lava Ijeen formed, such as thoy are, if the whole mass had not 
been plastic But here is not the place to go iuto details on sncli n point. 

7. The insensible passage of schistose into unstratifiod rocks, (geciss, for 
instance, into granite^) affords a presumption Hint the former have been tu a 
semi-plastic state. For all admit the fluidity of granite, eitlier simply igneous 
or aqueo-igneons. But if we can hardly tell, often, where tho one ends and 
Ilia other begins, it is fair to conclude that the unstratifled have resulted from 
the more thorough aud complete operatjon of tho same agency that produced 
the stratiflod cTjatalline group. This a^umenl, however, would only show 
Uiat the 3chist<^ rocks liave been plastic, but gives us no inlbrmation as to 
their previous consolidttlion. 

Wo should not Lave spent so much time ou this Eubjccl had it been dis- 
cussed in other elementary works, and did it not seem to have a most inipor. 
tant l>earing on tlie whole subject of metamorphism. Admit tee scliisls lo 
have been in a plastic state subsequent to their consolidation, by tho uijeni y 
of hot water, Bt;am and otlier agents, and cho whole subject of meiarnor- 
phism is easily explained. But deny this, and the phenomena seem inos- 
plicable. 

We resume now a detail of tho effects of mefamorphism. Several ofthess, 
howevet, liave been touched upon in the preceding argument, and will need 
but little furtlier notice. 

2. A second effect of viefamorpkisw, is Ihe abstraction of one or 
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vwre of the ingredienU of rocks and simple minerals. If a calca- 
reous sandstone, for instance, should be permeated by water con- 
tainiDg some ingi-edients that would absti'act the carbonic acid, a 
porous quartz rock would remain, wiili perhaps some silicate of 
lime. Most of the magnesia of the talcose schists of the Greeit 
and HooKic Mountains lias been removed, as the chemists prove 
by analysis. If one or more proportions of oxygen were abstnicted 
from peroxide of iron or manganese, <jnite different ores would 
result. In this way have many of the simple minerals and many 
of the rocks been essentially changed. 

3, Similar results, only more complicated, would result from 
the introduction of new ingredients, ]ield in solution by tlio water 
diffused through the plastic materials. Hence mineralogists reekou 
a large number of what ihey call psoudonsorphs ; that is, minerals 
which have the crystalline form of other minerals whose cavities 
they occupy. In this way, too, the characters of rocks may be 
essentially changed. 

4, Though the problem be often quite difficult, yet chemical 
geologists have been able to point out a great number of these 
metamorphoses in the rocks with much probability, by comparing 
the composition of tlio uuchaiiged with the changed. We give 

Clay slate has been converted into mica schist, tilooso schist, gneiss, and 
granite. 

The origin of day slate from clay is obvious to tho most eommon iaapec- 

Almo^t any of Hie siUeious sedimentary tocks <an be converted into mica 
Bcliiat Indeed, liand Bp^Jimeos of micaeeons sandatoaea oan hardly toe dis- 
tiujuislied from mica schist. This rock has also been derived from chlorite 
schist and from greenstoiiQ. 

Mica amy be produced from feldspar. That in sandstone was not improb- 
ably fjnaed by the i^euey of meteoric water, subsequent to the deposition of 
tha sandstone. 

Tate, steatite, and chloritQ have been found to result from the deeomposiUon 
of feldspar, hombloude, augite, garnet, mica, etc Tlie excess of silica in 
these minerals may have prodneed tlio quartz in talcose and chloritic schists. 

Pulverulent carbonate of limo^ audi as chalk and marl, readily becomes 
cryatallinj or saoeharine by being brought into a liquid condition, as ia some- 
timas seen in the vicinity of trap dikes. 

Bisclieff contends ibat dolomiti', which is a doulile carbonate of lirao and 
magnesia, is produced wlicrever tliere is "a formation of carbonate of lime by 
water containing bicarbonate of maKoesia, wiiieh is one of the moat common 
oo.istitnenta of spring water." Hunt, of the Canada Survey, maintains that 
'■ dalomites, magnegites, and magnesian marls, have had their origin in sedi- 
monla of magnesian carbooat^ formed by tbo evaporation of solutions of bi- 
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carbonate of tn^ncsia:" wliicli solutlonsliava reaiilteJ from flio {leeonrpoaf- 
tioii of sulphate or elilorlde ofmagheaium hy bicof bonato of soda, — Am. Jour. 
Sci., vol. lumii., p. 38:!, 

Serpentine and otlior Tarieties of rock tTi;it coma nnicT I'oo general denom- 
inatlou of Ophiolites, are csseiilially lijdrmis silieati?s of nii^piesia. Talc, 
chlorite, and steatite^ have so nearly the same riiemical conBtituUon, that 
thcj maj easily pass, and doubtless huvo oftan passed, iato one soother — 
more oStea probably fVom the eclvist into EerpeDtioo tlian llie reverae ; and 
that, too, most likely, in tbo wet way, althoug:ti BerpeutiQO is usually as uti- 
stratiSed as granite, and sometimes lias in it distiout veins of chlorite ; as 
at New Fanio,ia Vomiont. GrecuBtone and di<siti^ also, paas into serpen' 
tine, wMch is probably Ibrmed outof thoin. IlOTDblend^ fblijspnr, and mica, 
have hkewise been converted into serpentina. In the very probable opinion 
of Sr William E. Lr^an, tlie abnndant seipentines of the Green Mountain 
range have resolied from c]ia[^;eeinEili<noii3 dolomites and mnE;ni?£ites. Otiier 
minerals and rocks might bo aamecE as. capable of prodncing- terpentine by 
metamorplii'mi ; socb as garnet, olivine chondrodito, gabbn^ etc. As it is 
one of the final products of mineral alteration, it is ouo of tlio most permanent 
of rorks. 

Quarfa rock, beinjf insoluble byirntor or acid, "appears," in the opinion of 
Biscliba; "in all coses to be a product of thedocompositjon ofBiUcatcain tlio 
wet way." This opinion certainly ssems plauablo. But wlien we examino 
mountains of almoiit pure compact quartz, certainly ],000 or 3,00a feet high, 
it seoms (Ufficult to conceive liow aU the otiier ingredients coald have been 
separated so entirely, and leave the quartz in such ononnous solid masses ; 
and wo must tliii^k that geolog^ts Imvo yet somotlting to learn as to its 
or^in, and that they will find that hi B0n!0> ivay or otiior it lias been in a 

TLe changes tliat aro tiiuniT to Imyo taken place Jii tlie ores of iron, are a 
good example of motauiorphiani. Starting^ with llio cartwiiate, it is first 
clionged into hematite, bolJi liydrous and anhydrcnis, ne:;t into- spoculur ore, 
and ttien into the maguetioprotoxido- 

Carbooaccous mattoi- aJTords another good eiample. Peat, which is par- 
tially decomposed vegetable matter, is tlio first sti^of tlie mctimioEpliosis. 
Tiii^ permeated. £>r ages by water, and oovored by a^eous deposits, will bo- 
come lignite, or brown c(»L The no:£t step develops bitiunen, even with- 
out much increase of heal: above tlie ordinary surEice tempeiature. By still 
mure powerful metamorphic aolJon, probaUy lieat expels tlis bitiiioen and 
loaves anUiradte. A furtber zl;ep in tlio process produces graphite, or black 
load, and perliaps the ultimatu produce is (Diamonds- 
Change of slate schistose rocks, conglomerates, and brecmas into granitic 
rock is metamorpliiam. Ttieory makes sucliehanges quite possible and prob- 
able, and observatioit shows tbat they liavebcen made. For eicample, along tho 
west side of CounecUcut Biver, in Vermont and Massachusetts, are numerous 
lulls and raountJ^na of ayenito and granite. In several places, as in Granby, 
Mt. Bamet, Ascntney, and Whately, the granitic rocks are a syenitic con- 
glomerate, that i^ tho syenite c(»ttain rounded pebUes of quartz and schist, 
and on tike mai^n of tho depesit, as on Little Ascutney, we find the ori^nal 
conglomerafa front wliich the syenite is formed. There is. reason lo suppose 
that a lai^ part of the granitic rocks of Hew England are merely trans- 
formed slates, schists, and congltmierates. Graulte seems to be tlic most 
complete form of metamorpliosis. 

The fcJlowing stilements may be regarded as inferoncoa trom. the doctrines 
of mstamorpliism. as above developed. 
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1. We see how it is that a,zoie schists may be interstratlfied with 
fosnilifenms strata, — A few examples of tliis Bort bave been 
pointed out, especially hi the Alps, where wedged-ahaped masses 
of fossiliferous limestone, of liassic ago, have been intercalated 
among the strata of gneiss. Indeed, strata of eocene tertiaiy 
have been convci'ted into crystalline gneiss, mica schist> and even 
into granitic beds. In our country not many analogous cases have 
boon pointed out We present one, which fell under our notice 
in the town of Derby, on the east shore of lake Memphremagog, 
in Vermont, The section below, in Fig. 147, will give an idea of 
tliis case, as we understand it Here, as we ascend a liill of mod- 
erate elevation, the strata succeed one another in tlic following 
order; mica schist^ granite, fossiliferous limestone, (Devonian), 
granite, mica schist, gi'anite, mica schist, limestone, schist, etc. 
Some of these masses, especially the granite, may bo somewhat 
wedge-shaped, especially as we follow on in the direction of t!io 
section. The mica schist is highly crystalline, containing that 
peculiar species of mica denominated Adamsito, by Professor 
Shepard. 




SacOon i» Dtrby, Vt. 



Here we have highly crjstalhno granite and mica schTit lymg 
above Uniestone of Dc\onian age, m which we found enirmal 
stems, and scarcely at all crvstaUme But we hv.ii shown how 
this might take place, viz, by the greater fuiibilitj ot the super- 
imposed and intercalated beds, or possibly ly a lateral pcrmeition 
of heat and water, 

2, The process of metamorphism is still going on. — Wo see it 
more strikingly at the sui'face, especially in regions that have not 
experienced the erosions of the drift agency. There the rocks 



o.led by Google 



f cliangcd, often to the depth of several feet But 
vheii we opon the moat solid rocks, or descend iuto the deepest 
loiiiet,, wo shill find inineiais undergoing alteration — new ones 
taking the pldce of old ones. "Wherever water penetrates, even 
though the temperature be not raised, we may expect metainor- 
phism Indeed Eischofi', whose great work on Chemical Geology 
forms almoiit a new era in geology, regai'ds these changes as 
universal All rocks," says he, "bto continually subject to 

diteratton and their sound appearance is not any indicatioa that 
iltciation has Bot taken place." (Vol. 3, p. 426). If it be so, it 
shows us how wide and difficult is the fieid which lies open for 
gcoli^cal research. 

8. Metamorphism shows us fliat ike earliest formed rocks on tJie 
globe }nay liave all disappeared. — If we suppose, what geologists 
now generally admit, that the globe has cooled from a molten 
state, the earliest formed crust may I'.ave been a granitic roclc. 
Now this crust, as a general fiict, has been thickening. But the 
process in many places, and, perhaps, alternately all over the globe, 
has been reversed. Suppose, by the slow process of erosion, ma- 
teiials have accumulated in the bottom of the ocean to a great 
thickness, the effect wouid be to cause the line effusion to ascend, 
it may be ao far as to melt off all the i^ock originally deposited. 
In other places erosion might have worn off the upper part of this 
cruat, and though this would cause the line of fusion to descend, 
and thus add new rock, yet between those agencies above and 
beneath, continued through countless ages, none of the first formed 
crust may remain. , Or if any of it is left, it would be impossible 
to distinguish it fi'om subaequent formations. So that the idea of 
a primary granit«, or any other rock, in the strict sense of the 
term, has no foundation iu nature. 

i. Metamorphism, furnishes the most plausible theory nf ll? 
origin of the azoic stratijled rocks. 

The hypothesis that tl se ks w 1 p 't I ' rj tallino 
state, in an ocean so hot th t th m t n 1 Id j t llize. is 

not consistent with wht wk flraalg ology. 

For wafer can not hold It 1 cat n I f tl e pur- 

pose, nor does tlie order 1 h th te 1 d cor- 

respond with that in win 1 tl Id j t II f I ere in 

solution. ■ No possible re b -n f ta for the 
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nlternatc lajera of quartz and mica, or feldspar, or hornblcndo, or 
talc, which occur in the foliated rocta. 

The theory of metaraorphism has fewer (lifficiiltics. It supposes 
these rocts, originally deposited as sand, clay, pelblee, inarl, etc., 
after consohdation, to have been converted again into a plastic 
state by the permeation of Lot wafer and steam charged with 
powerful chemical reagents. We know that this ngcncy is suf- 
ficient to bring the silicates into a sort of aquco-igneoos plasticity, 
and that is all that is necessary to prodoeo the impevfect kind oi 
crystallization which the azoic stratified locks exhibit. It is not 
that oompleto crystalliitation ivhich ivould nssnlt fi-oni thorough 
solution, either aqueous or igneous, but the original mechanical 
texture sometimes exhibits itself, and many degrees of crystalliza- 
tion are often manifest.. 

Some may be inclined to impute the hypozoir, and perhaps, in 
general, more highly ciystallino foliatetl I'ocks, to some other agency 
than metamovphisni. But we often find reeks of the same kind, 
and often as highly crystalline, so connected wilh fossiliferous 
rocts that we ava compolled to regard them as metiimorphic, and 
it seems difficult to conceive that the otliei's have not had the 
same origin. All tho difference between the two classes is the 
more complete raetamorphisnt of tho hypozoic "We Ecem com- 
pelled, therefore, to admit the nietaiiiorjihic origin of all tho azoic 
foliated rocks, or to deny it to them all ; and we can not take the 
latter ground but in defiance of the plainest fads. 

5. Metamorpliism may have obliterated sitcccssive ei/steins of life. 
We know it to have done this in some of the foliated rocks — in 
the Bchists, for instance — that overlie or arc interstratified witli 
foEsiiiforoua rocks. It may have done the same with ail the hypo- 
zoic, in all of which no certain examples of fofsils have yet been 
found, though some bodies of doubtful nature have been described 

If this conclusion he admitted, it follows that we can not tell 
when life first appeared on the globe, because wo know not but 
an indefinite number of oi^uic systems may have beei! obliter- 
ated. This inference, which some eminent geologists have adopted, 
would be fair, were it not for certain other facts, which we will 
state in the words of Sir Roderick I. Mnroliison. " In Bohemia," 
says he, " as in Great Britain and North America, I ho lowest zona 
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eontaitiiDg oi^nic remains Is underlaid liy very thick buttresses 
of earlier sedinnintaiy accuiculations, wbetlier saudstone, si'liist, or 
slate, which, tUwigh oaiasionally uot more crystalline than the 
fossiliferous beds above them, have yet afforded no sign of former 
beings," " T!)o hypothesis that all the eariiesK sediments have 
been so altered as to have obliterated the traces of any relics of 
former life which may Lave been entMnbcd in them, is therefore 
opposed by examples of enormously thick and Taried deposits be- 
lioa!h the lowest fossalifcroiis rocks, and iu which, if anima! re- 
mains liad ever existed, somo traces of them would certainly bo 
detected," {Siluria, pp. 20, 21.) Those facts ought, at least, to 
make us cautions how wo sissert the destruction of other JIfe econ- 
omioa earlier than the Silurian. 

0. Metamorphism throws light upon the origirt of the granitic 
rocks, such as granite, syenite, and perhaps^ somo varieties of por- 
phyry. The prevailing opinion has been that they consist of 
melted volcanic matter, tlinist into every crack ia the overlying 
strata, and cooled and cryafallizeil under great pressure and with 
estremo slowness. It is found al'o, that other rocks adjacent to 
the granitic have suffered mechanical displacement, and such 
chemical changes as heat only could produce. 

Now all these statements are to some extent true, and they show 
the prasenco of a eondderablo amount of heat, and some tneehan- 
ical action by the granitic rocla. Eot more careful esamination 
shows that granite does not generally form the axis of mountains, 
nor do the stratified rocks dip away from them on opposite sides, 
but often the granite lies between the strata, and instead of hav- 
ing been the agent by which they have been lifted np, it has only 
partaken of the general movement which has resulted from some 
other and more general cause. Moreover, the heat requisite to 
keep granite in a melted stata must be higher than it seems to 
have possessed ; for Bischoff says ho could not melt it perfectly in 
the moat powerful blast furnace. Again, if it crystallized from 
sueh fusion, the qoarts would bo first consoiidated, because least 
fusible ; whereas it is found to have been the last. Granite, also, 
contains not a few hydrated minerals, or such as mast have been 
produced in the wet way, and its own ingredients can hardly have 
had any other origin. If now we admit the foliated rocks to have 
been brought into a plastic statu by the joint action of heat and 



o.led by Google 



FOKMATION OP VEINS. 229 

water, why not admit tlic same as to tlio granitic rocks J for often 
we can not draw tlie line between lli em-— between gneiss and gran- 
ite, for instance. Their composition is the same, and they differ 
only in the schistose or foliated structure, wliich often is so nearly 
obliterated in gneiss that we are in doubt whether it be preaent 
What can granite be, then, hnt an example of metaniorphism car- 
ried to its utmost limit ; carried far enough to obliterate all traces 
of stratification, lamination and foliation? If water be admitted 
as a principal agent, heated by caloric from the earth's interior, 
and prevented from escaping by thousands of feet of superincum- 
bent rock, complete plasticity would result at a temperature far 
below that required to me!t granite in a dry state. 

By tliis view a large proportion of granitic rocks may be only 
metamorphosed schists. If so, it explains why they have disturbed 
or changed the adjacent strata so little — the chemical influence 
rarely being traceable more than a quarter ov half of a mile. In 
some instances, they may have been thrown up from the melted 
interior of the earth, and possibly in a state of fusion, without 
water. If only five or ten per cent, of water be present, it is cal- 
culated that the heat need not be as high as redness to produce 
the requisite plasticity. 

If it be doubted whether water penetrates so deep info tho 
earth's crust as wo know granite to extend, it should be recollected 
that the stratified rocks, all of which were originally deposited 
from water, and so far as we can jtidge, retain more or less of it 
still, are from ten to tweniy miles thick. But if even Uva owes 
its fluidity in a measure to water, it may be supposed to be pre- 
sent in liquid granite with equal reason. In hhorf, whoever 
admits the aqucO'igneous origin of the crystalline foliated rock?, 
will feel compelled to ailmit the granitic rocks to have resulted 
from essentially the same causes. Nor is the theory very different, 
after all, from that which usually prevailed. It admits fluidity 
fiom heat in the materials, and only introduces water as an im- 
portant auxiliary in the work. It is by no means the old Wer- 
ucrian tbeorj' revived, for that made granite a deposit from an 

7. MetamorpJtigm llirowt Ui/kf upon ike /■irm.ation of dykes 
and veins, whether they belong to the griinilir, trappeon, or voleanie 
groupt ff r'iri.—li docs this l>y iiiti'oilucing water along with 
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lieat as an csseiitial agent ; for this agency will explain some facta 
in the history of veins a!;i:l dikesj whicb, on ttie common theory 
of fusion from dry heat, were inexplicable. Thus, when ivc fiisJ 
veins not thicker than writing paper {and those of granite, cpidotc, 
etc., are sometimes as thin, and some of trap are less than lialf an 
inch), it is difficult to see Low thoy could have heen filled by in- 
jection of melted roek, especially if the walla were not very hot; 
but by means of water the materials could he introduced wherever 
that substance would penetrate. Again, in the Silurian rocks of 
Vermont, on the shores of Lake Champlain, we find numerous 
dikes, both of greenstone and foldspathic rock, either trachylic 
or feldstonc porphyry. These dikes are in some cases partially 
filled with a conglomerate, or breccia, composed of limestones, 
pandstones, gneiss, qunrtz, and granite ; of the rocks, in fact, that 
occur in the region. Now the limestone fragments have lost none 
of their carbonic acid. But this would have been driven off, as 
in a lime kiln, if the dike had over been heated to redness, or to 
1000° of Fahrenheit; for carbonates are decomposed below that 
temperature. This is all consistent if tho partial plasticity of the 
dike was aqueo-ig neons ; but inexplicahlo if dry heat alone were 
concerned. Moreover, such dikes must Lave been filled mechan- 
ically from above, and this might have been done by the currents 
of an ocean, sweeping into the crevices on its bottom the rounded 
pebbles accumulated tbere. 

8, The facts of melamorpkism leach us that most rochs kai'c 
underffone several entire changes since flieir original prodattion.— 
Take the unstratified rocks. These have all been cooled and 
most of them crystallized from a state of fusion, cither entirely 
igneous, or aqueo- igneous. Here is one change ; but from the 
vertical movement of the isothermal line in tho earth's crust, and 
tlie erosions at the surface, probably all the original igneous rock 
has been rcmclltd and rocoolcd, much of it perhaps several ti;ijcs. 
If any mass has escaped this second fusion, we know not where it 
is to be found. 

Take tho stratified rocks. These being derived by abrasion 
fiom the unstratified, have, of course, passed through the samj 
changes. But abrasion has brought them under another, a 
mechanical change, and water has collected the f'agmenta together 
at the bottoms of lakes and oceans. Subsequently, by consoiids- 
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fjon and some cbemical ^ent tranifuspd by witer tlii'oiigli the 
mass it has bicome comerted into dantal lo'silikroua rock. 
buried dfU-rwaids btntith vast accumnktions of othir rocks, the 
beat baa (iicrtaat,d and but wattr fias purmeateJ tbi, strata, reduc- 
ing tbem to a state uio e or less plastic, causing a crystalline to 
take the [ilace of i mcLhanical structure obliterating tbe fossils, 
and aubstiiulin^ cltavagi, or foliation for lamination. In some 
cases tbe beat might be so great tbat all traces of stratification are 
blotted out, and granitic or trappean loclvs are tbe result. It ni.ay 
be, after all tbis, tbat erosion lias J^ain converted tbesc rocks into 
detritus, and tbe process of deposition and of inetamorpbism 
begina again ; nor can we tcH bow many times these changes may 
bavc been repeated. When tbey bave passed tbrough one cycle 
of cbange, they are as fresb as ever to commence another. 

6. The final conclusion is, thai the entire crust of the globe has 
undergone metamorpkism, and is not now m the condition in which 
it teas created. — We are sure tliat every p.irt of it Las been in a 
molten state ; and we have every reason to suppose tbat every 
part of it has gone tbrough otber cbangcs; nor is there any evi- 
dence that a portion of tbe first consolidated crust remains. 

Men are acenstomed to look upon tbe solid roeks as emblems 
of permanency. But in fact science teacbea us tbat tbey are in a 
constant state of flux. Tbey may be permanent when measured 
by tbe life of an individual, but when we compare their condition 
in the different and vast geological periods, cbange is tbe most 
impressive lesson tliey teach ; nud ail tboso changes most wisely 
and beneficently ordered. 

To give an idea of the extent to which rocks have been meta- 
morphiscd, we subjoin the following section of the stratified rocks, 
with the names on the right of the azoic rocks into which wo 
tnow from reliable observation the foasiliferoua have been trans- 
ibrmed. It must not bo understood that tbe two kinds arc gen- 
erally interstratifiod, though they are sometimes so; but usually 
tbe azoic are proved to be identical with tlio fossilifeiflus by fol- 
lowing tbe line of their strike and finding a gradual change from 
one into another. Or when a part of a formation is found to bu 
azoic, it is tbe lower part ; and even though it be as high in the 
series aa tbe tertiaiy, none tut azoic roeks will be found beneath 
it. This shows tliat the metamorphic action is deep seated, and 
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it may be tliat tLe granitic and trappcan Veins and dykes are con- 
nected witli the molten interior of the cartli. It is possible, indeed, 
to conceive Ibat a bed of stratified rock may be converted into one 
nnstratified by heat and water permeating upward through a sub* 
jacent bed whicb is not so changed ; in which case we shoald 
have granite and trap tudcpendeut of the molten interior. But 
the records of geology give us few examples of this kind, and the 
presumption, therefore, is, that the linstratified rocks require for 
their production a more powerful mctamorphic action than could 
be communicated through any other rock, without producing a 
correspondent change in tliat also. 
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PART II. 
PALAEONTOLOGY. 



SECTION I. 

PEELIMINAKT DEFINITIONS AND 

Is all the stratified roclis alwve tbo Azoic, we find more or Icsa 
of tlie remains of animals and plants. These ate called Organic 
Bemaim. When changed into stone they ate sometimes called 
I'etrifiictions. 

Palceoniology is the science which describes these organic ro- 
inains; the word means a history of ancient beings. Some limit 
it to animals ; but we prefer to use it in its more extended sense. 



A Fosnil is the body, or any known part or trace of an animal 
or plant, buried hy natural causes in the earth. Hence a mould 
or mere footmark is a fossil. 

This is B difficult terra to define, and tlie above definition may includesome 
organic substances wtiioh come not witliin tiie [irovince of geoltCT 1o describe. 
It might periiaps embrace the fr<^ that are fijund alive deep in gravel or ec- 
closed in rock. But may not these pti^rly be regarded as fopsila ? 

Some able writers have tliought it necessary » introduce into llieir defini- 
tion of a l^sil the time and circumstances of Its burial But we prefer the 
phrase with no other limitation than that given above. 

Among the andents tliere were aorae (Stralio, the geographer, fiw instance.) 
wlio noticed and had osrrect notions about fossil EhellB. In modem times 
geological tacts tlrst began to excite attention in Ilalj, in the early part of the 
aisteenth century. Two questiona were argued reapcc^ng fossils ; first whe- 
ther tliey ever belonged to living animals and plants; and secofidly, if they 
^id, whether theh- petri&ction and situation can be explained by the deluge 
of Hoah. 

These questions occuiried the learned world nearly 300 years. At the com- 
mencement of (he controrersy in Italy, in 1517, Fracasioro maintained, in the 
true spirit of the geolt^ of the present Any, that fossil shells all once belonged 
to living auinials, and that the Noachian deluge was too tranaent an ever^t to 
explain the pjienomena of their fossilization. But Mattioli regarded them as 
the result of the operation of a certain materia p!iii/ui», or " fatty matter," 
fermented by beat. Fallopio, Proffessor of Anatomy, supposes that they 
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acquire tlieir fbrms in some cases, by " the tiimultuoua movemenf' of terres- 
trial exhalations ;" and that lh« tiisks of elepliants were mere earthy coiirru- 
tions. Mercati coaceived that tlieir peculiar conflguratioa was derived from 
th3 iuflueuoe of the beaveuly bodies; while Oil vi regarded tliem aa niera 
"sports of nature." Felix FlattT, Professor of Anulomy at Basil, in 1517, 
referred tlie Iwjea of ou elephant, Kmod at Lucerne, to a giant at lea?t 
niii'ibjeu teee high ; oud in Ei^land similar bones were rej^arded aa tiioso of 
the filiea aagelal 

At tlkeb^giuaing of the ISth century, uumerous theologians in England, 
France^ Qermauy, and Italy, eugaged eaj^erly in tho tontjwersy respecUnj; 
organic remains. The point which they discussed with the greatest zeal, was 
the connection of lossils with tiie deluge of Noah. That these were all dc- 
positei by that event, was for more tijun a century tho prevailing doctrine, 
wiiioh was iQuiDtaiucJ with great assurance ; sod a denial of it regarded as 
nearly equivalent to a denial of the whole Bible. 

'nie que.'tioiis ahn, whether fossils ever hud an animated existence, wns 
di^ussed in England till near the closoftlie I7th century. In 1677, Dr. Plot 
]Utributi!d their ori)i:in to " a plastic virtue latent in tliu earth." Soheiichzcr 
in Italy, however, in ridicule of this opinion, published a work entitled, 
QusrakB Piscmm or the Gimplaints of the Fishes ; in which those animals 
are made to remonstrate with great earnestness that Ibey ara deniod an 
animated existence. 

Such discussions led to the accumulation of facts ; and tlieso at lengtli led 
to just views on the subjeet, and the great works on Comparative Anatomy 
and Pakeoutology now extant, by such men as Cuvier, Owen, Agassi?., 
D'Orbigny, Piclet, Bronn, Brongniart, Lindley, llutton, and a multiiude of 
others, are the result 

Character of fossils. — In a few instances animals lia^o been 
preserved entire in the more recent rocks. 

About the bf^nning of tho present century, tho ontiro (ircass of an 
elephant was foimd encased in lh)zen mud and sand in Sihtna It was cov- 
ered with hair and fur, aa sotue elephants now are m the Himalayah moun- 
taiiia. The drilt along tho shores ofthe Northern Ocean, abound"! nith bones 
of Ibo same kindof aninials; but tho flesh la rarely preserved In 1771, the 
entire carcass of a rhinoceros was dug out of the frozen gravel of the same 
country. 

Many well- authenticated instances are on record, in which toads, snakes, 
nal lizards, have been Ibund alive in the solid pans of livin;^ trees, and in 
soUd rocika, as well as in gravel, deep beneath the surface. But in these in- 
stances tlie animals undoubtedly crept into such places while young, and 
alter being grown could nM get out. Being very tenacious of life, and prob- 
ably obtaining some noutisliment occasionally by seizing upon insects tliat 
might crawl into their nidus, they might sometimes continue alive even many 

Frequently the liarder parts of tlie iiiini il nr j rcseircd in t!io 
Koil or solid rock, scarcely altered 

Sotnerimes tlio harder parts of the animal arc pjrtla'.ly impreg- 
nated with mineral matti^r; yet tho anirail matter is still ohvious 
to inspection. 

More rreqncntly, especially in the older secondary rofl;?, (lie 
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animal or vegetable matter appears to be almost entirely vcpiaccd 
by miuerai matter, so as to form a genuine petrifaction. 

Sometimes after the rock Lail become hardened, the animal or 
plant decayed and escaped tiirougli the pores of the stone, so hs 
to leave nothing but a perfect mould. 

After this mould had been formed, foreign matter lias some- 
times been infiltrated through the pores of the rock, so as to form 
a east of the animal or plant when the rock is broken open. Or 
the cast might have been formed before the decay of the animal 
or plant. 

Frequently the animal or plant, especially the latter, ia so flat- 
tened down that a mere film of mineral matter alone remains to 
mark out its form. 

All tliat remains of an animal sometimes is its track impressed 
upon the rock. 

The mineralizer is most frequently carbonate of lime ; frequently 
silica, or clay, or oxide or sulphuret of iron, and sometimes the 
ores of copper, lead, etc. 

2, Nature and Process of Petrifaction. 

Petrifaction consists in the substitution, more or less complete, 
by chemical means, of mineral for animal or vegetable matter. 

The process of petrifaction goes on at the present day to some 
extent, whenever an animal or v^ctable substance ia buried for 
a long time in a deposit containing a soluble mineral substance 
that may become a mineraJizor. 

Example l. Clay eontainiog sulphata of iron, will in a few yrara, or cren 
months, produce a very perceptible cliange toward petrifaction in a bono 
liuried in it. Some Bprings also hoM iron in solution ; and vegetable matters 
are in the proceea of time thoroughly changed into oxide of iron, Tliis ia 
seen often where bog iron ore is j-earij' depositing. 

ExASfPLB 2. M. Goppert placed fern leaves carefully in clay, and exposed 
llw clay for fomo time to a red heat, when the leaves were made to reaembla 
petriUeil plants found in tho rucks, 

Theori/ of Petrifaction. — In all cases of petrifaction, chemistry 
acta a part In many instances galvanism and electro-magnetism 
are concerned; especially where tho oi^nio substance is convei-ted 
into crystalline matter. The juxtaposition of mineral matters 
forma galvanic combinations, that produce the requisite curi'cnls. 
3, Means of dcferminmff the JVatitre of Organic Remahis. 

The fii'st requisite for determining the character of oi^nic 
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remains, is an accurate antl extensive knowledge of zoolog}' and 
botany. Tliis will enable the observer to asccitain whether tliu 
species found in the rocks are identical with tiioso now living on 
tlie globe. 

Tlie second important requisite is a knowledge of comparative 
nnatomy ; a science which compares the anatomy of different 
animals and the parts of the same animals. 

This recent science reveals to ua tlie sstonisliing ^t, that so matliematic^ily 
e proportioD between the diSerenC parts of an animal, " that from 
ter of a ^ngle limb, and even of a single tooth, or bono, tlie form 
and proportion of the other bones, and the eomStion of the entire animal, 
may be lofen'ed," — "Hence, not only the framework of the fossil skeleton of 
nn extinct animal, but also tlie character of tbe moscles. by which each bone 
was moved, the eitemal form and figure of the body, the food, and habits, 
and hannts, and mode of life of creatures that ceased to exist before the 
creation of the human race, can with a high degree of probability be asecr- 
talnoi" 

CLAS3IFICAT10S OP tlFISO PLAIJTS AKD ANIMALS. 

It ia essenljal that tbo learner should have some idea of the groat Classes 
and FaTnilies of living Plants and Animals, in order lo form an idea of those 
ia a fcaal stale. For both groups are brought into the same great system of 
life. And since the living species are more numerous and perfect than any 
that have preceded them, the tbnner are taken as the standard by which to 
arrange the latter. 

A Flora consists of a species of plants that occupy any gnen 
district. 

A Fauna consists of the species cf animals in a distritt 

The following are the classes and kadmg faniiics of I vine; 
plants commencing with the most pi.rfec.t and termmating with 
the least perfect. We follow the arrangtment a]o]U,dbj Prot 
Asa Gray. 

TEUETlBLr KT^-GDOM 

Sl^ks 1. — FLOWEEINQ PLIBTS, OB PnANEHOGAMIi. 

Plants which produce real Bowers with stamens, pistils and seeds. 
Class 1.— EX06EN3 OH n 



(SaSS ir, — E^mOGEHS OR WOSOCOTYLEDONS. 

Eot increasing by oxtornal lings, but by threads or bundles of fibres fiom 
within. The leaves have parallel, not branching veins. Embraces most 
grasses, rushes, and bulbous plants ; also palm^ the most remarkable of 
planls. Tho seed has only one cotyledon. 
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SfTKS 11.— FLOWEKLESS PLASTS, OR CRYn'0(;AMI4. 
tliouL flawera. and propagdtiug I y qporca in'rtMcl of seeds. 



1. FiUcss or Ferns. 3 EfU! te/ocrcF or Horsd 
i, Lycopodiaceo! of Club Mo^s. 4 Manil-a/Me 


lil aiid email Tamilj. 


(Mass 2— AvOPjmtJ) 




Uossoa and Liverworts. 




CioSJ 3.— TUiIJ/)PHVTE3, 





There is a great diversity amoug the most eminent zoologists in 
tlH3 classtficatioii of animals, often perhaps moi'c in tlic namo Llian 
in the grouping. We sliall luako no attempt to decide when 
such men disagree. Most of them, liowover, stili follow Cuvicr in 
dividing the whole Animal Kingdom into four great sub-kingdoms 
or provinces ; though some liave added others, Wc give below 
the systems of two of the most eminent living writers on tliia 
subject In the course of the work some other systems, or paila 
cf thera, will come into view, because numbers whicii we wisli to 
use are so connected wit)i them that wc can not separate them. 

ANIMAL KINGDOM, 
SuB-KiNGDoa VERTEBRATA. 
Class 1. — Mammalia or animals that nurse their yoimg. Tiie 
most usual orders of these are the following: 

1. Bimana, or man, 2. Quadrumsna, or monkeys, 3. Chei- 
roptera, or Bats. 4. Insectivora, or insect caters, as the mole. 
6, Carnivora, or flush caters. 6. Cctaeea, the whale tribe. 
'1. Pachydermata, or thick skinned, as the horse, elephant, etc. 

8. Knmioautia, Ihc cud ehewers, as the camel, deer, sheep, etc, 

9. Edentata, as the sloth and armadillo, 10. Eodentia, the 
gnawers, as the mouse, squirrel, woodchuck, etc. 11, Marsupiaiia, 
as the opossum and kimgaroo. 12. Monotrcmata, as t!ie platypus, 
of New Holland. 

Agassiz divides Mammalia into three orders. 1, Marsnpiatin. 
2. HerbJvora. 3. Camivora. Owen makes fifteen orders. 
1, Eimana. 2. Qiiadramnna. 3. Carnivora. 4. Artiodactyln. 
6. rerissosjactyla. 6. Troboscidea. 7. Toso'lont-a. 8. Sircnia. 
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238 BUB-KINGDOM AETICULATA, 

9, Cutaceo. 10. Bruta. 11. Cheiroptera. 12. Insectivora, 13. 
llodentia, 14. Marsupialia. 15. Monotrcmata. 

Class 2. — AvES, or Birds. 

Agassiz gives four orders : 1. Natatores. 2. Gralla;, 2. Piasoi'us. 
4. Iiiscssorea. 

Griffith ami Ileirfrey give six. 1. Accipitres, tlio eagle, owl, 
etc. 2. Passerina, the swallow, etc, 3, Scansorcs, the cuctoo, 
parrot, etc. 4. Gallina, the Fowl, pigeon, etc. 5, Grallffi, the 
ostrich and crane. 6. Palmipedes, the web-footed, as the (luck 
and goose. 

aiasx 3.— Reptilia, or Reptiles. 

Agassi/, divides them into two classes, 1. Amphibiam, with 
three orders, 1, Cseilim ; 2, Ichthyodi ; 3, Annra. 2. Reptiles, 
with four orders, 1, Serpentes; 2, Saurii; 3, Ehizodontes ; 4, 
Teatndiuata, 

Owen divides the Reptiles into two classes. I. Amphibia, with 
two orders, 1, Ganocephala ; 2, Lahyrinthodontia. 2. Saurian 
Meptiles, into cloven orders, 1, Thecodontia ; 2, Ciyptodontia ; 3, 
Dicynodontia ; 4, Enaliosauria ; 5, Dinosauria ; 6, Pterosauria ; 
1, Crocodilia; 8, Lacertilia; 9, Ophidia ; 10, Chclonia ; 11, 
JJatrachia. 

Class 4.— Pisces, or Fishes. 

Agaesia divides tliem into three classes. 1, Fishes proper, with 
two orders, 1, Ctenoids; 2, Cycloids, 2. Ganoids, with three 
orders, 1, Coelacanths ; 2, Acipenseroids ; 3, Sauroids. 3. Sela- 
ehians, with three orders, 1, Chimatrie ; 2, Galeodos ; 3, Batides, 

Owen makes elevea orders. 

Sdb-Kingdom ARTICULATA. 

Agassiz divides into three classes and ten orders. 1. Worms, 
with three orders. 2, Crustacea, with four orders. 3. Insects, 
with three orders, 1, Myriapods ; 2, Arachnids ; 3, Insects proper. 

Oweu divides the Articulates into six classes, 1. Arachnida, 
with four orders. 2. lasecta, with eleven orders. 3. Crustacea, 
with eleven orders, 4. Epiaoa, with three ordcT-s. 5, Anellata 
with fuur orders. 6. drripedia, with three orders. 
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Sl-d-Kikgdom MOLLUSCA. 

Agassiz makes tlirco classes and nine orders. 1. Acephala, ■with 
four orders. 3. Gasteropoda, wjtli three orders, 3. Cephalopoda, 
with two ordem. 

Owen divides into six classes and many oi-ders. 1. d'plialopoda, 
ivith two oniurs. 2. Gasteropoda, with ten orders, 3. Pteropodn, 
with two orders, i. Lamellihranchiala, -with two orders, 5. 
Brachiopoda, subdivided into families only. 6. Tanicata, witli 
two orders. 

SuB-KisoDOM RADIATA. 

Owen divides the Radiates into three aub-provinces (wliat nre 
caljud sub-kingdoma above, he calls provinces), with numerous or- 
ders and families. 1, Radiaria, with five classes, 1, Echionder- 
mata; 2, Bryozoa; 3, Authozoa; 4, Aealephas; 5, Hydrozoa. 
2, EntoaoO; with two classes, 1, Coelclmintha ; 2, Stu re I mi nth a. 
il. Infusoria, with two classes, 1, Rotifera ; 2, Polygasti'ia, 

Agassiz makes three classes of Radiates. Polypi, with two or- 
ders, 2, Acalephai, with three orders, 3. Echinoderms, with 
four orders. 

As to the infusoria, Agassiz says : " The infusoria as a class do 
not exist. It has been proved that a part of these are plants or 
their spores ; others are tlie young of different animals, and the 
rest are perfect animals." 

In hia articlo on I'alieontology i:i the eighth edition of the En- 
cyclopedia Britannica, whioh has appeared since his classification 
above described, we fiud Professor Owen adopting a different view 
of some organisms which ho bad classed among the lower animals, 
,".s the following extract will show : 

" The two divisions of organisms called plants and animals are 
specialized members of the great natural group of living things ; 
and there are numerous organisms, mostly of minute sizo and re- 
tainingthe form of nucleated cells, which m^inifest the common 
organic characters, but without the distinctive superadditiona of 
true plants or animals. Such organisms are calhil Protozoa, and 
include the sponger, or Amorphozoa, the Ji'orami/ii/erce, or Rhizo- 
pods, the PotycistincB, the Dlatomaceis, Desmidice, and most of the 
so-called Polygastria of Ehnenberg, or infiisonal animalcules of 
older authors." — Richard Owen, Eney. Brit, Art. Palceontolojy. 
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240 GROUPING OF PLANTS AND ANIMA 

In conformity wiUi the above view^ Professor Owe 
videa the Protozoa : 

Class 1, Amorphozoa, Sponges. 
Class 2. Foraminifera, RhizopoJa, 
Class 3. Infusoria, Animalcules, 



Existing animals and plants arc arranged into distinct groups, 
each group occupying a certain district of land or water ; and 
few of the ^ecies ever wander into other districts. These dis- 
tricts are called zoolc^ical and botanical prOTinccs ; and very few 
of the species of animals and plants which they contain can long 
survive a removal out of the province where tbey were originally 
placed ; because their natures can not long endure the difference 
of climate and food, and other changes to which they must be 
subject. 

Although naturalists are t^recd in imuntaininii: the existence of such 
provinces, iLey have not settled tlicir exact number ; because yet ii^no- 
Tant of Ihe plants and animals in many parts of the eertli. S^sides, llio 
pravinees interfere with one another ; and a einglo lai^ province may em- 
brace several minor ones. Tiiis is particularly the ease witli animals. So 
that zoologists divide them first into kit^oms, and tliese into provinces, as 
follows: I. The firat kingdom embraces Europe, which is subdivided into 
three provinces. 3. The second kingdom comprises Asia, divided into five 
provinces. 3. Australia, one kingdom and one province. 4. Afliea, with the 
ialanda of Madagascur, Bonrbon and Mauritius; one kingdom and one prov- 
incp. B. America, one kingdoai and four provinces. In all, Eve kingdoms 
and Iburteen province*. 

Frofeeor Schouw makes twenty-five regions of plants. Tlie srrannemetit 
depends on the aatur;il classification. Thus the region of Mosses and Sa;;i- 
frages embraces ttia north polar regions as far south as the trees, aod (lie 
upper part of the mountains of Eiiroye. Tlio region of Cactuses and Pepper 
embrace's Me^ciuo and Sotith Auierii'a to the river Amazon. The region of 
Palms and Melastomas embraces that part of South America east of tlio Andes 
between the equatoi' and the tropic of Capricorn. 

A few species seem capable of adapting themselves to all cli- 
mates. This ia eminently trno of man, whose . cosmopolite char- 
acter is BO marked, and his ability to adapt himself to different 
climates and circumstance's so dependent upon liis snperioi' mental 
endowments, that the distribution of the different races of the 
human species can not be accurately judged of by that of any 
o'lhcr species. 
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Sometiraea mountains and Eometimes oceans separate tlieae district on ths 
land. In the oceHn tlioy ara sriniiitijnes divided by cuTTHcta or shoaJa. But 
butli on land and in the water, diUerence <rf climate ftimis the moEt eflbctuul 
barrier to tlie migraljoii of species | since it is but a few spacies tliat liavo tl.a 
pDwer of oudurtng any great d^ange in tills respect 

In some instances, organic rcmaius are broken and ground by 
attrition into small fri^meiita, like those wUich are now accuiiiii- 
lating upon some beaclies by the action of tlm waves. But often 
tlie most delicate of the liarder paits of the animal or plant are 
preserved ; and they are found to be grouped together in tho 
strata very much as living species now are on the earth. 

From these facts it is inferred tbat, for the most part, the im- 
bedded animals and plants lived and died oti or near tlie spot 
v.'liore they are found ; while it was only now and then that there 
was current enough to drift them any considerable distance, or 
bleak them into fiagments. As they died, they sunk fo the bot- 
tom of the waters and became enveloped in mud, and tbon the 
processes of consolidation and petrifaction went slowly on, until 
completed. 

So very quietly did the deposition of tho fossiliferous roi^ proceed in some 
iDstiinces, tliat tlie slietetons and indusite of microscopic animals, as we have 
seen, which tlie very slightest disturbance must have crashed, are preserved 
uninjured; and frequently all the shells found in a layer of rock, lie in Ilia 
same position which similar shells now aaaume upon the bottom of ponds, 
Likes and the ocean ; that is, witii a pactioulnr part of the shell uppermost 

In tho existing waters we find that different animals select for 
their habitat different kinds of bottom ; thus, oysters prefer a 
muddy bank ; cockles a sandy Rhore ; and lobsters prefer rocks. 
So it is among the fossil remains ; an additional evidence of tho 
manner in which they have been brought into a petrified state. 

From the researches of Prof. E Forbes in the Egoan Sea, it ap- 
pears, first, tliat increase of depth has the same kind of effect upon 
the marine animals, as increase of height has upon those on diy 
land, that is, the animals become more and more like those of a 
colder climate. Secondly, that most marine animals and vege- 
tables inhabit particular localities, which at length become unfit 
for their abode, and they emigrate or die out Thirdly, that spe- 
cies ranging widest in depth range furthest horizontally. Fourthly, 
below 300 fathoms, deposits of fii!e inud are going on without 
organic remains, lucausc anim^ds do not live there. These con- 
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elusions correspond (o tte manner in wbicli organic remains oc- 
cur in tbo rocks. 

4, Organic Remains arranged according to their Origin. 
Oi^nic remains may be divided, according to tlieir origin, into 
three classes : 1. Marine. 2. Freshwater. 3, Terrestrial. 



The last class appear in most instances mliero Ihcy occur, to haye been 
swept down bj Btreenis rrom their original Kituatiun into estnaries; wtiere 
tbey were mixed with marine relics. Somelicaes, perhaps, they ■were quietly 
BubmerfreJ by the aulDBidence of the land. 

Tha follmvinB table will show the origin of the remains iu the different 
groups or fgaailiferoiis roclts. 

Cambmn and Silurian Syatema. Marine. 

Old Red Sand.'ifOPe. Jlarine, Freah Water aod TerreetriaJT 

CarboniCcroua Limestone. Do. Do. Do. 

Coal Measures. Terrestrial ICstuary Deposits 

aod submerged Jaud. Rarely perhaps fresh water deposits. 

New Red Sandstone Group, Marine. 

Oolitic Group. Mostly Marine, 

but in few instances, Terre^iri^ 

Wealden Rodts. Estuary Deposit 

Crelaceons Group, Marine. 

Tertiary Sti'ala, Marine and Fresh Water. 

Alluvium. Every variety of origin. 

It appears from the preceding statements, that by far tbo 
greatest pait of organic reniains are of marine origin. Nearly 
all the terrestrial relics indeed, and many of fresh water origin, 
have been deposited beneath the waters of the ocean. 

6. Amount of Organic Remains in the £arl/i's Crust. 
The thickness in feet of the fossiliferous strata, as given in the 



ular view of the stratified 


rocks, is as follows: 


Alluvium, 


600 feet, 


Tertia,ry, 


2,000 feet, 


Chalk, 


1,B00 feet, 


"Wealden, 


2,210 feeti 


Oolite, 


2,270 feet. 


Lias, 


1,160 feetj 


Dpper New Eed, 


3,100 feet, 


Permian, 


1,040 feet. 




( 3,000 feet, in Nova ScoUa, 


Carboniferoua 


i a.OUO fist, in United Slates, 




( 13,S00 feet, in Europe, 


Devouian, 


j 8,950 feet, in United Slates, 
( 10,000 feet, in Europe, 


Upper Silurian, 


J 5,100 fee^ in United States, 
j 8,400 feet, iu Europe, 


Lower Silurian, 


30,000 feet. 
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icn JTOLOCY. 243 

The CiWnbriaTi ot lluronian, wiiicli is from 10,000 to 26,000 
feet tliick, is not included in the above, because Bcarcely any fossils 
have yet been detected in it. The average thickness of the other 
fosailiferous strata is 57,035 feet, eqna! to about eleven miles. 

Organic remains occur more or less in al! fha fossil iferous strata 
whose thickness has been given. As a matter of fiict, they Iiavo 
been dug out several thousands of feet below the present surface. 

In the Alps, rocks abound in organic remains from 6,000 to 
8,000 feet above the level of the sea ; in the Pyrenees, nearly as 
higli ; and in the Andes and the Himalayas, at the height of 
10,000 feet. 

Prodigious accumulations of the relics of microscopic animals 
and plants are frequently foii:i(l ia the rocks. 

EsAMPLB 1. — From less than 1.5 ounce of stone, in Tiiaoanj-, Soldani ob- 
tainel 10,454 ciiaruberei aholis ; — iOO or 6Ji) of tliese weighed only a single 
gram; and of oue species it tool: 1,090 to maka Uiat weight These were 
marine shells. Ba^.Mand'3 Bridgswater Treatise, vol. 1, p. 117. 

ExAUPLB 2. — la fVosh water accuraulatjons a, niicro^opic crustaccons ani- 
mal, called tba cjpris, ollen occura in immense quantities ; ns in tbe Hastings 
sand and Puri>ec)[ Umestone in England, where strata 1,000 teet thick are 
filled with them ; anil in Aovergne, where a deposit 700 feet Illicit, over an 
area twenty miles wide and eighty in length, is divided into layers as thin aa 
paper by the exuvise of the ejpris. Same Work, p, 118. 

Example 3. — Bat perhaps Oie mo^ remarkable example is that derived 
from microscopic animals and plants which have been regarded by Ehrenberg 
and others aa exclusively animal, under the name of infiisoria or animalculie, 
but a part of them are doubtless planta. In one pUtce in Germany is a bed 
fonrteea feet thick, made up of skeleCona so small, that it requires 41,000,- 
000,000 of them to form acubic inch; and in another place, a similar bed is 
twentv-e^ht feet thick. In Ma^aohusetts are numerous beds composed of 
these silieeou? shields many feel in thickneaa ; and similar beds occur all over 
New England and New York. Deposits of thesa carapaces or shields, have 
been discovered by Prof William B. Rogersin the tertiary strata of Viijiinia, 
extending over large areas, and fcom twelve to twenty-fivo feet thick I 

It is a moderate estimate to say, that two-thirds of the surface 
of our existing continents are composed of fossiliferous rocks ; 
and these, as already stated, often several thousand feet thick. 

This estimate might, without ox^geration, bo confined to strata that con- 
tain marine 6xuvi» ; — tliat is, such as were deposited beneath the ocean. 

At the end of the nest section we hope to be able to present a table of 
moat of tho fbasil anunala and plants known. 

ICHNOLOGY. 

This branch of Palseontology means literally, the science of 
tracks. It js tracts in stone, however, that fall within the province 
r, and henco we anight call the science Ichnolithology- 



o.led by Google 



244 LITIIICIINOZOA. 

Bat siDc* this is less euphonic than Iclinology, and since fossil 
footmarks require for their elucidation the study of recent tracks, 
we prefer the latter term, proposed by Dr. Buckland. 

Tliis braach of PiJieontology ia of quite leeent ori^n. The first scieDtific 
account of IbsailibotmarkB, was thut by Rev. Dr. Henry Duncan in tt^e wans- 
actiona of tUe Royal Society of Edinbui^i, in 1828. They were probably the 
impresfflona of tlie feet of fejrtoisea ou wlijt wjs tUen supposed to be tlie New- 
Red Sandstone, but is now tlought W> be Permian t^Hndstooe, of Corncockle 
Muir Quarry, iu Scotland. In 1S31, 6. P. ticropo found numerous footmarks 
of small cniataceons oo forest marble of the Oolite la En^iand. In IBS*, 
Frotessors HoUabaum, Kaup, and Sickler pabliabed an account of tracks of tlie 
Clieirotherium, ou Mow Red Sandstone, iu Saxony. Jn 183G, Uie first de- 
Ecriptbn was given of the tracks in that moat prollHo of all localities, the 
valley of Connecticut river. Snce that time numerous other deacripiions of 
the same locality liave appeared, by Dr. Deane, Sir Chiwlea Lyell, Isaac Lea, 
Dr. J. Warroa, and the authors of this work, and so many other localities 
bavo been discovered m Europe and America, that scarcely any foJEiliferous 
form!ition is now without iti lbotmi»rk3. Tliase will bo described uuJer the 
Buvcrid rocks. 

At first names were given to tUe difierent kinds of tracks, but 
now for the most part the animals that made them are named. 
Such animals are called Lithichnozoa, from the Greek words 
{Xido^, ixvog and Zuov) signifying, atony track amToals, or track- 
discovered animals. The following table gives a general ^'iow of 
their distribution up to tlie present time. 





Class. 


Cambrian, 


Annelids. 


Lower Silurian, 




Potsdam Sandstone, 




Hudson Eiver Shales, 


Crustaceans and Annelids. 


Upper Silurian, 


1 Kshes? 


Chnton Group 


(caslerapodB? 




Batraoiiiiins, Saurian?? and Cheloniao.^ 


Hamilton Group, 


Crustaceans ? 


Carbonilerous, 


Batraehians, Saniians, Molluscs? 


PecniLan, 


Ciielonians, Saurians. 


Tnus 




Juraaaic, 


Maranpialoida, Birds, Urarda, B:,l racliiana, 




Ciielonians, Fialies, Crustacoaus, Myria- 




poda, Inseote, Annelids. 


"Woaldcn, 


Saurian. {Ignauorton ?) 


Alluvium, 


Man, Carnivore Ruminants, Birds, Batra- 



Under Alluvium we hare mentioned only thoao animals wiiose tracks have 
been iJescribed by geolog^sbi, and of wluuli specimens have been preserved 
in tlie cabineta. 
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rUKDAMBSTAL rRINCIPLES OF ICHSOLOQT. 

The question naturally arises, whether Ichnology has fliny 
priiiciples at its foundation on which we can rely, or arc its rc- 
Balts coiijectural ; or, to give the inquiry a more scientific form, 
is there any such relation between the feet of animals and their 
general strueturo and character, that knowing the one, we can with 
strong probability infer the other, aa we can detennine the un- 
tnown quantity in an algebraic equation t We maintain the af- 
firmative, for the following reasons : 

1. ComparatiTe anatomy and zoology tench ua that an intimafe telaUon 
exists betwoen all the parte or organs of animals. 

2. They teach via that the feet of animals are unusually oharaoteristio, and 
their relations to other parts unusually clear, so as lo furnish, in some in- 
stances, a baas of clasaUcation to the soologist. Now a, perfect track, es- 
pecially one in relief gives a complete model of the foot, and thus furnishes 
ua with a better means of determiuii^ tiie nature of tlie animal than is some- 
times used by the palieoutologist, who il;equeQlly can obtain onlyafi^jment 
of some otiier organ of the animal by which to judge of its nature. 

3. We are able, very often, to detemuno the nature of Jiving animals from 
their tracka. Who would confound the human track with that of any other 
animal ? or the tracka of quadrupeda with those of birds ? or of ruminants 
with those of the camivora or marsupials ? or among birds, those of the gralke 
or wadera with those of the web-lboted or the pigeons? or those of the os- 
trich with those of the eagle or alhatrosa ? 

4. We have the highest authorities for naming animals tVom their tracks. 
Such men aa Professors Eaup and Richard Owen, Sir William Jardiue and 
Isaac Lea, have done it Cuvier, too, baa a^d, that " any cue who observes 
merely the print of a doven hooK may conolode that it haa been left by a 
ruminant animal, and regard the cooelusion as eqmlly certain with any other 
in physics and morala. Consequently, the single footmark clearly indicatoa 
tx> the olserver the forms of the teeth, of all the leg hones, tliigh, ahonldera, 
and of the trunk of tiie body of the aniTnuI which left the mark." 



"We have not space to draw out those cliaractcra in detail, nor 
even to enumerate but the most important. A full enumeration 
and description may be found in the Report on the Ichnology of 
New England made to the government of Massachusetts in 1858, 
p^o 24. 

1. Tracks arc of three kinds, 1, a simple trail such as serpents, 
annelids, molluscs, and perhaps some fishes might make ; 2, trails 
accompanied by the impressions of feet, such aa would be made 
by most kinds of reptiles, some fishes, crustaceans, and some in- 
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BGcfs ; 3, impressions of feet only, such as might be left by most 
vertebral animals and all the invertebrate tribes that have feet, 

2. Width of the trackway. 

3. Angle made by the axis of the foot with the line of direction 
called the median line. 

4. Distance of the tracks from the median line. 

5. Number of feet, 

6. Relative size and character of the feet before and behind. 

7. Mode of progression ; by one row of tracks or two ; direct 
or oblique ; by steps or leaps, etc. 

8. Length of step. 

9. Size of foot. 

10. Number of toes. 

11. Whether thick-toed or narrow-toed. 

12. Number and size of the phalangeal impressions. 

13. Divarication or spi-ead of the toes. 

14. Character of the hceh 
16. Claws and pellets. 

16. Anomalous characters, such as indicate that the animal 
may have partaken of characters now found only in different 
classes or orders : like the ictbyosaurus, pterodactyle and sau- 
roid fishes. 

A careful application of these and other less important charac- 
ters will enable us, in most cases, but not in all, to decide from 
tracks whether the animal was vertebral or invertebral ; to which 
of the ciaaaes in these two great groups it belonged ; often to what 
fiimily, genus and species. In this way have the examples of 
Litbichnozoa been determined, which will be given under t!ie dif- 
ferent formations in our next Section. 



SECTION II. 
PAL^ONToLoeic 



Organic remains are not thrown together confusedly in the 
rocks, but each of the great rock formations has its peculiar fos- 
sils, which are not found in the formations above or below. Usu- 
ally the species are limited to a particular formation, although the 
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CAMBRIAN FOSSILS. 24Y 

genera have a wide range. It is desirable to giie some iJca, es- 
pecially by drawings, of the leading and chiractcristic pKnts and 
animals that have saccessively peopled the globo since it bei^ame 
habitable. We begin with the lowest formation and pass upward, 

1. Cambrian oe, IltrRoviAN Sistem 
Lower Cambrian Sedgwick 

Notwithstanding the great thickness of thw rock ^'b iw- 
(12,000 feet in this country and 26,000 in Wales), 
not more than half a dozen fossils haie been found 
in it. The most interesting is a zoophyte found in 
Ireland, and called Oldhamia ontiqiia. Fig 148, 
named after its discoverer, Professor Oldhim In 
this country and in Bohemia no fossils have been 
found in this rock. 

"The reader," says Sir Eoderick I Murchi^on, 
** may look with reverence on this zoophjle , for, 
notwithstanding the most assiduous researches, it is the only am 
mal relic yet known in this very low st^e of unequivocal sedi 
mentary mattPT " 

Mthichnozoa, or immds made known l> their tracks. The 

Fig lit 
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FOSSILS. 



trackway of a species of Annelid, called tJio Areuicolites didymrr, 
occurs in wli,:t is called tlie Loiigtnynd rouks, in Wales. The 
impreHsioiia of rain drops. 



same formation contains also 



2. LowBB Silurian System, Murchison. 
Upper Cambrian, Sedgwicic. 
The plants of this vast system (20,000 feet thick,) are only a 
few, and mostly obscure sea wcedsy which often go by the name 
of Fncoids, from their resemblance to the living genus, Fucus. 
Fig. 150 shows theScolithua linearis which occurs in the Potsdam 
sandstone, as well as in quartz vock. But it is uncertain whether 
it is an animal or a plant. 

, Phytopsia tubulosum irom the Blaok river limestone, of Naw York, is con- 
Bidered a plant anU is aiiowa on I'ig. 151. 




Poljp — The rad atcd on n<i s ; 
syscn \nog thee ie !e o 1 b d Ihc e c 

n ate rilateJ annals calel 4 ko oa t it have the p ver 
of e ret ng ci bonitc of 1 me and thus of I Id n^, p larce 
tony st tar «, ciUed Pnl par a fron th bo to to I e 
rfoc of the o e n Th y warm n n nonse numbers n the 
s as ot t op cal cl mates, and form co al r ef wh h somet mes 
cxtt J 1 und da of m les Tl e e to hi e ex 1 a I 
ao- ind to hi e forme 1 mlrdpft vhl are now ank d 
among tie Im toes Fcrs 15 1 3 lo4 shov se e al I g 
spec ea of tt csa an mals as th y are dttached to the r tto y hab 
tations. 
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Tl p tGi ta 1 s of the^.p inui 1" ^r prov Ic ! is tli c 1 a or m nnte 
hairs oq tiieir RiaT^ns, which are capable of l>eiiig rapidly moved, 
so as to keep currents of water in motion, that food may he con- 
veyed to their mouths. Itnmcuse nuinbera of the polypi unite 
ill building up a single habitation, and they do this as if influenced 
by one instinct; ao that the structure rises with the most sym- 
metrical proportions. In the Flustra carbasea each polype has 
usually twenty-two tentJicIes ; and on these, 2,200 cilia. An or- 
dinary specimen of this species will contain 18,000 polypi ; and 
of conseqiience, 396,000 tentacles, and 39,800,000 cilia. On the 
Flmtra foUacea, Dr. Grant estimates 400,000,000. 

These polypi mostly multiply by bu3s, called gcmmulea, which grow 
like the buds of planla from the parent^ tiud after a tiuie fall off and become 
distinct aiiiiiiala. A Eiiiglo polypi in this Diode nay produce a million of 
young in a month. Tliey may also be multiplied by division, when each 
seiiarale part becomes in a sljoi't time a Vi'hole anuual. Biff'erent parts may 
also bo made to grow ti^llier, and moastei'S of eveiy form be produced. 
The Hydra is one of tlie gonera of polypi; and by tailing the heads of several 
indiviiWls, and grafting them to one body, a Hydra with seven, or anyother 
number of lieads may be produced. 

Ir'ig. 155 shows the Columnaria alveolata IVom the Black river limestone. 
Fig. 166 represents thePavistel!astellata,and Fig. 151, Cii;elel«s lycoperdon; 
Fig. IBS. shows tbe Cyatliophyllamturbiuatum which is Ibuud in Uie next 
tlirec higher ibrmatjons. 

Oraptolites, — These are another remai'kable family of radiated 
animals that appeared in the Lower Silurian, and continued as 
his;h as the carbon ifi^rous svstem. Until the late researches of 



Ho.led by Google 







' t\ phv'! 



Piofassor Hall, little else liad been described but the serrateil 
arms of this peculiar auimal. But he has traced it from ita earliest 
development till it shows itself as a fixed (possibly free) animal, 
having a bilateral arrangement in its arms, as shown in Fig. 159, 
which is the Graptolithus Logani. Tiie arms here are broken off; 
but in Fig. 160 they are extended far enough to bring the serrn- 
tures into view. Generally these eetrated arms are all that have 
been figured. 
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I'^s of bl- 

VI qual, and 

the arms of the aTiutial lont^, that flour- 
ishpd abundantlj m the lower Silurian Seas, 
Several <A the gi,T tra alao (not the same 
spcLiea), hai e ]u nl through -jll the changes 
of the earth's crust and still inhabit the 



The Liogula is one of theae, on Fig. IGl, fVom 
the Potsdam sancJstone, and can hardly be distin- 
guiahed from those now found alive. The Terebratula, Fig. 1 62 ia one of the 
six genera of shells tliat have lived through all changes, and 30 Fpecies are 
■" " ' ' ■' Broun gives a list of 410 apeoitB, 10 of which 
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occur in the Lovrer Silurian, 30 in the Uppef Silarian, "12 in tlie Devonian, 
33 in tiie Carboniferoua, 11 in the Permian, 30 in the Triaa, 83 in Uio Ooliltr, 
121 ia Chalk, uiicl 34 in the Tertiary. 

Another Bracliiopod of the Silurian rocks is tie Ortliis (Fig. 1C3), of wliicli 
Bronn gives Si apeoiea in the Lower Silurian, 31 in the Upper Silurian, 
43 in the Devonian, 12 in the Caxljotiilfei-oua Limestone, 3 in the I'cnmao, and 
2 in the Trias, wliere it <3ied out 

Of ihe Spirifer, Fig., 183, charactflriaed by o peonliar spire within ita valves, 
shown in our flgure, IG spemes ooour in the Lower Silurian, 18 in the Upper 
Silurian, 6G in the Devonian, 59 in Carboniferous Lhnestone, 1 in the Permian, 
8 in Uiu Triae, and 4 m lije Oolite, w here they terminate. 
Fii 103 rig. Iflt 




^ J variety of the preceding Eraehiopods tliat have been Ae- 

scribeii are now so great, ll it the atiove genera are regarded as families, such 
as Terooratnhdes Spnnfendes etc eacli embracing several genera. But de- 
tails o i Una subjeut can not be here gii ' 

worita on PalaMi ologv such as thosa 

Oil er interestuig Brachiopoda occur 
Atrypa, Fg 16J 

" ' " Numerous representat ves of this class 



Tliey wilt be tcTund in the large 
rfPictet, D'Orbigny, Hall, MeCoy, etc. 
in the Lower Silurian ; as for instance. 

Is appeared early. 



For exaniplea we givo An bonj chia (Pterinie), undataj Fig. J £16, &om the 
Trenlon Limeato i 4v la d m sa Fig. 167 ; from tlie Hudson Kiver Group, 
and Modolop 13 ui d 1 " i 1Ij8 from the same. 

F g 1«5 Fig. 1«S. 
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LOW Mi: sli-uniATf. 
Gasieropoda. These shells ai 
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Fig. 174 represents ao Orlhocera, wtiicli was straight, yet divided icto 
cliambers. This bus been- found six feet long and six iudies in diameter ; 
which musC have had an animal around it lai^r than any living cephalopod. 
As many as seventy chambers have been counted in it. Broun meiitioos 
153 species; ten in the Lower Silnrian, thirty-two in tlia Upper Silurian, 
forty-lliroe in the Devonian, thirty-one in tho Garbouifurous limealcue, eiyht 
'"'"""'" ' seven in the Trias, where it disappeared. 



Eehirwdermata. — The living animals of this class, are the star- 
fishes, which aro found as low as the Lower Silurian, and extend 
through all the rocks. But the most remarkable animals of thia 
class are the Crinoids, or Encrinites, so named from the resem- 
blance of some of them to a lily (jcptvov) of which the cotnmon 
stone lily (Fig, 263) is an example. The head was supported by 
a flexiblo column, that was made up of a vast number of bony 
rings, and at its lower end was fastened to the ocean's bottom, or 
to a piece of wood. The head was composed of five articulated 
arms, which were divided into fingers, and were used for obtaining 
food. The stem of this species was circular, but that of the I'en- 
tacrinito was fivc-siJed, and its arms or tentacules vastly numer- 
ous, Tho number of little bones or joints composing the head of 
the lily Encrinite, was 26,000 ; but iti the Eriaiean Pentacrinite, 
they amount to 100,000, and those of the side arms to 50,000 
more. If each of these, aa in the higher animals, required tuo 
muscles to move it, they would amount to 300,000; while the 
muscles in man amount to only 540. 

Fig. 175 is a, representation of the Pear encrfrtiie or Apkiimtey as it ap- 
peared wlieu attached and in full lifb at the bottom of the ocean. 

Piof Pietet, in his great work on PahentolOKV, has pjouped the Crinoids 
into nine families, as follows ; 1 The ComHtotideje, or those free and without 
stalk; 2. The Pcntremi tides ; 3. The Cystidefc ; 4. The Cuprossocrinidca' ; 
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6. The PolyeriDidiE ; S. The Haplocrinidte ; 1. Tho AnlhoprinidEE ; 8. The 
CyaihocriQidas ; 9. The Pyomxirmiclie. These fiinulies he divides into 105 
generfl. Ofthese, thipty-aeven are peoaliar to the Lower ^id Upper Sila- 
rian, sijcteen to the Devonian, niaeleen to the CarboniferouB, one in Ihe Per- 
mian ; Id the Triassic nix, in the Juraaaic fourteen, in the Cretaceous seven, 
in the Tertiary two, ami two exist m our present eeaa, to ivhidi sliould 1)0 
added a third, the Holopua, which is found onlj amonif existing animals. 
The genus Penticrinua began ita existence in the Triassic period, and has 
continued to the present tiino, though there have been aererol changes of the 
speoies. 

Among the Crinoids the Cystidi aa have attracted spedal attention, and 
those of Canada hare been hnely illustrated by Mr. E. Billings, paleontologist 
of the Cauiida Survey. According to him. there have been found in (lie lower 
half of the Lower Silurian (in Bohemia and nowhere else) four species, in the 
upper half aijcty-three; in tlie Upper Silurian eighteen species, and perhaps 
some doubtful ones in the Devonian; above which none ooeur, Fig. 176 
shows one of these little mailed animals from the Trontun limestone, the 
Pleurocystites lililextua. 

Crustacea. — Crustaceans form the highest order of articulated 
animals. By far the most remarkable group of them in the ear- 
lier or palseozoic rocks are the Trilohites, so called because their 
shell or buckler is divided into three parts. So different are they 
from living ornstaceana, that for a long time it was contended that 
they were molluscs or insects. 

The shield or buckler of this animal covered its anterior part, 
while the abdomen had nnmerous segments that folded over each 
other like those on a lobster's tail. By this arrangement some of 
the ppccies li.'td the power to roll themselves up lite the wood- 
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i aiiTijilillo, iiii\ thus ot ddLiiding tli em stives against 
Thcv xrc from half an inch to six inches long, and 
longituJjnal furrows divide them into three lobes. 

It is well known that the ej-ea of many articulated animals are 
made up of a lai^ number of facets, or lenses, placed at the end 
of tubes, which being arranged in a parallel position, form a com- 
pound eye, like a multiplying glass ; which projecting fi-om the 
head, enables the animal to see on all sides without turning the 
eye. The number of these little facet' or lon-.-'s in t!io house-fly 
is 14,000; in the dragon fl), 23,000, in the butterfly, .15,000 ; 
in the Mordella, 60,000. lu the Tnlobito the^ laiy from 400 lo 
0,000. Fig. 177 shows one of the eyes of this animal found in 
a fossil state. 
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Kctet divides llie Tnlobiles into twelve familiea, liz., the Harptdse, lije 
Paradoxid^ tlie Caljmiiiid^ tlie Lichosidte, the TriiiueiL-ida!, the Asaphidi, 
the ^glitiidie, tlie IlleiiiJiu, Clie Oilontopleurid^, the Amphionid^, tiio 
Erontid^ and the Agaostidis. TliefiQ ho diviiles iat^ forty-three genera, of 
which twenty-four are found in tlie Lower Silurian, half of which pass into 
tlie Upper SiJuTiaD, and eleven in this last fornsation tliat pass into the Devo- 
nian, while only one passes into llie Carboiiiieroos ; above which none are 
fbund. But only in a very few cases is the same species found in any two of 
tliefie formations. Accordinji to Prof. Owen, tlie whole mimiber of species is 
400 and ofgeneraHfty ; of which Ewty-ai are Siluriao, twenty-two Devonian, 
Kiid four Carboniferous. Tliirteen genera, are peculiarly Lower Silurian, tliree 
Upper Slurian, one Devonian and three Carbonllerous. 

Fig. 178 exhibits one of the well-known fonns of Trilobites from the Lower 
Silurian, the Paradoxides Tessiui of Broaguiart. 




Fig. 1T9 is a lop view and Fig. 180 a side view of the Sao hirsuta from 
tho Lower Silurian of Bohemia, 

LUhidiiuaoa, — In Potsdam aandstono, at Beauharnois, and other places in 
Canada, Sir Wilham Logan has oollocted and described at leu,st seven species 
of crustacean's tracks. Fig. IS I will give an idea of one species. A flue 
collection of them may be seen in tlie cabinet of the Canada Gieolt^cal Sur- 
vey at Montreal. Fig. 181, A, shows the traelis of a living crustaoean, tho 
Ocypodo arenaria, sketched by Prof. Agasaa and itindly put into our hands. 
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Protatlchnit&g (the name applied to the Canada 
tracks by Pro£ Owen) have been Ibunil 
in Scotland, called P. Scolieua. 

la the Llandeilo Hags ia Wales scv' 
eral species of Annelids oteur which 
have sometimes left Iheir trail, as rep- 
resented oo Fig, 182, which was made 
by Crosaopodia Sootioa. 

On the Hudson River shales of 
Georgia in Vermont, we have founil 
the trail probably of an anae]id, aa 
shown or ^' """ 




3. Upper Silurian Period. 

In the Lower Silurian rocks the plants hitherto i^iscovered are 
all flowerless and the animals all invertebrate ; crostaceans being 
the highest class, of which the crab and lobster are living exam- 
ples. At the close of this period there seems to have heen a con- 
siderable change in Ibe state of things, and sometimes the higher 
stia'a are unconfoiTnahle to the lower. For the most part the 
Fame claBBcs of animals coniiniio, thoiigJi with new forms. Near 
the top a few vertebral animals appear, as the details below in- 
dicate. 

Plants, — The plants of the Upper Silurian are very few and 
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mostly marine. In Europe tlic beat writers mention only ono or 
two species. But Professor Hall haa described not less than ten 
species of Algte oi sea-weeds. Perhaps the moat interesting of 
these is the Arttropliycus Harlani, sliown on Fig. 184. 







It is not till we rise to the very top of this formation, and per 
haps into the Devonian above, that wo hod an\ tracts of la 1 1 
plants. 
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201 



Antmals, Polypi. — Of tlie zoophytes one of the most striking 
species is the chain coral. We give two specimens in Figs. 185 
and 186. 

Parosiies polyraorplia, aaofher genus, ia ahown. in Fig, IBT. 
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Another genua of these old corals is the Cyatbophyllum oten miat^en in 
our country for tlie bonis of deer, etc 1 ig 188 bIiowb one species of this 
genus, Ihc 0. turWnatum. Fig. 18a repreeents tlie Oyatliopliyiluni caMpitosum. 

Brachiopoda, — New epecies of these shells abo in 1 ill tl e Upper Silurian, 
LelDDgitig to the same genera, aa in till, Luier^luran mot irLquLUtly, tat 
life 194 





FigilK. not 9l\B>a ■^^e gvp on 

examples. Fig 190 represents 
Pmtameniii KniKhtii Fig. 191 
D IthyiiB Niagarensis, Fig. 192 
Atrjpa lacunoaa, F^ 193 Orthis 
fldhellulaiD fig l^J, Leptsna de- 
pre^^ Fig 195 bpinier radiatna. 
Three views of Tewbratula Wilaoni 
in Pit 191j 

Tlie Concliiien are well repre- 
oontci Fig 107 shona a Gas- 
(cropod, the Bnomphaius ruRosus. Fife 108 alowa a Ciphalopod theCon- 
ulnria Niasareiisis, (roia the Niajjara group of Nen Tork 

The Crinoida are abundant ; but we have room to present onlv three. Fi?. 
199 represents the Caryocrinua ornntua from the Niagara pronp. Fig. 200 
eliowa the Icbthycrinus Isevia, fVom the aame formation. The sculpture on 
many of thnae erinmda ia oftnn e>rtremely beauUfuL Fig. 201 shows the 
IlrpanthofTinua decorua, allied to the lily. 

Of the other Echinorlerms, we show in Pi^. 203. the star fish nphiura eon- 
Elellata, and in Fig. 203, the Pakeaater Xiagarcnsia, from the Niagara lime- 

We repfret not having room for more of the beaiitifiil Trilobites found in 
this formation. Hg. 304exhibit3 the Colymeiie Blumenljaciiii. Fig. 205 the 
aamo rolled up 
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J'ishes. — Near tLe top of this formation a few fishes have been 
fouud ; of some of them, however, we know but Jittle, as only broken 
fiagnients occur. Pktct meiitions only three genera, and four spe- 
cies ascertain; but Agassizadds four other genera fi-om the broken 
fragments: these were from tho Upper Lndlow roeks; but in 1859 
a very perfect fish was found in the Lower Ludlow rock?, which 
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carrfes down this class of animals 1,000 or 2,000 feet. Those few 
fishes seem to bo only an anticipation of tho great development of 
this class of animals in the Devonian group, and as none of those 
in the Silurian arc of any special interest, we defer a description 
of this important class of animiJs to the next group. 

lAOtichnaxoa. — Ppofesaor Jamea Hal! in (ho second volume of t!ie Pal^on- 
tol^^r of New Tork, Las described as many at least aa sue species of tracks 
on (he Clinton group of the Upper Siluriuo, in that State Ho auMijata tlial 
these were made bv Molluoes-fGast' opoda) Annehda and rishea as hu n 
- "06, 20 and 308 




FI'A, Tacts 



4 DmoMVV PERIOD 

PlanU. — Tbe-w are few in(i badly prcsened, bo that great 
imcertainty still exists as to their chqnct/'r Some of fhem, how- 
ever, were sei neci'';, and some 1 ird p'ant? of as high oi^aoisfa- 
tion as the conrtfrouaoi pmo fi be A fc« \cnr« ago, qullc a 
number of plants weie leferred totbe Deioman Petiod In 1849, 
Bronn enumerates noailv fift\ Rpeeiea of monocottyledons, as well 
as half a dozen less perfect flowerless plants. But these proba- 
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bly occur in rocks which are now piaccd higher in the scries. 
Wo give a Bketch of only one species fiom this fo^'mation, wbicli 
seems well determined by Professor Uall, from the Chemung 
group, and wHieh resembles a good deal, plants in the coal mea- 
sures above the Devonian. It is the Sphcnopteris laxus, Fig. 209. 
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Calceola aandalituL 



A quite peouliar genus of Brachiopods ia the Calceola sajidaliua, nametl 
from its resemblance to a shoe, and sliown on Fig. 21B. 

or iJia Coaehifera or Aeephala, we (rive only one species in Fig. 2 1 1, the Poai- 
dono.nya BeeeherL We give two Cephalopoda. Pig, 218 shows the OonU 
atites costolatos, an"! Fig. 219, tiie Cyrtooeraa nndulatua of the Cornireroaa 
LimestiMie. 
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Oomatites coifitlajus 



Fig 230 shows 




iloblto, t!io AciJaspis cllipiioi 



Fishes. — The most cliaracteristio fea- 
ture of the Devonian rocka is tiie great 
development of fishes which they prc- 
ieiit. With the exception of a few 
Bpecies near the close of tlie Upper Silu- 
rian Period, this ia their earliest appear- 
ance; and they present many strange 
forms, and are largely developed in all 
the sabse<[ueiit formations. This is not 
true of any other class of vertebral ani- 
mals, and hence the history of tho fossil 
fishes is peculiarly instruetivo. It is said 
that not less than 1700 species arc found 
fossil, and 10,000 are now living. Pro- 
fessor Agassiz estimates the number of species that have lived in 
a!l past periods, at not less than 30,000 species. 
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Tliia eminent writer in hia great work entitlod, Eicherdia stir fes Poissons 
par L'Agasai^ divided all flahea into four elaBsea, liistinguished by the char- 
iicter of their aeales; tlie iinportajit diseovory having been made by him, that 
tiiere ia such a relation between tlie form of the ecale and the organization of 
llie flsh, that if those having aimilar aealea be brought tc^ether, they will be 
found to correapond eloaely in their nature. The following aro the forms of 
the aeales in the four classes : 

Fig. 221, So. 1, shows one of the enameled plates thrt belongs to tie 
I'iaBoids ; No. 2, the platea covered with eiiaind identical in ttrutture with 
the teeth, covering the Oanoiiis ; No 3 the toothe i or comb 1 ke scales of 
the Qeamds ; and No. i, the ciiouJar plates ^^ ithout enamel of the Cydotds. 



rig a°l 




rrom the dassiflcntion of animals wliich we have given on a prcvloua page, 
it would appear that Aga^^sia has given up tlio above arrangement. He will 
doubtless explain fully his new systera in his great work on tlie Natural 
Biacory of the United States. J. Uuller, according to Pictet, had proposed 
desirable chai^a in the syatem founded upon the scales. 

He proposes six: classes ; 1. The SlrauHd fishes, that have toth lungs and 
gilla; 2. the lUaufean^ or fish with proper bones ; 3. tlie Ganoids; 4:.th(iElas- 
moliraiicJialris, or the Plaooids of AgaMia; 6. tlie Cydoslomeans, or cartila- 
ginous fishes ; 3. tho Lepiocardians, or fishes without a heart, being- only ouo 
genus. Of these the first, fifth, and sixth claa=es are not found fossil. 
Naturalists have described 504 genera of fossil fishes, distributed aa follows; 

In the Upper Silurian 7 

Jn tho Deronian 66 

In the Carboniferoos 70 

In the Permian 1 G 

In the Trias 33 

In the .Jurassic ca 

In the Cretaceous "iS 

In tho Tertiary 183 

Of all fossil animals the fislics cast tlio most liglit upon the laws 
of paliuoutology. In their difl'erent formations they are found to 
bo separated from one another by tho most distinct characters. 
Tlioso of ft particular formation seem to have been created ibr that 
formation only, and rarely do the genera extend boyond it aa they 
do in most of the lower animals. Not a Biiiglo geirns beiow the 
chalk Las survived to tho i)reEont day, and above that point the 
number of extinct genera is quite lai^e, amounting to two thirds 
of those in tho chalk, and one third of those in the lower tertiary. 
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Those of tlic carboniferous strsita disappear with the deposition of 
the new red sandstoue, and tlioso t:i the Oolite suddenly vanish 
with the appearance of the chalk. Not oae species has yet been 
fouQd that is common to any of the two great geological forma- 
tions, or that is now living in the ocean. 

We cannot but remark here, how entirely opposed are these 
facts to a prevalent hypothesis that the different sorts of animals 
in the rocks, as we ascend, have been slowly changed from ono 
into the other by a natural process. Ilere, on the contrar}', we 
find such great and entire changes in the successive groups as can 
be explained only by new creations. 

" We find in the history of fishes," says Pictet, " many argu- 
ments against the hypothesis of the transition of species from one 
into the other. The Telcosteans could not have had their origin 
in the fishes which existed before tlie cretaceous epoch, and it is 
impossible to derive the Placoida and Ganoids from the Tcleos- 
teans. The connection of faunas, as Agassiz has said, is not ma- 
terial, but resides m the thought of the Creator." It is well to 
take heed to the opmions of such masters in science, when so 
many, with Darn in at their hcwl, ore inclined to adopt the doc- 
trine of ^a 1 al tra smutation in species. 

Tlie Devo an fl hea had great poculiaritiea. Indeed, to the close of tho 
Jurassi pe o no li h had tlie 1 orny soales huc!i as now cover foar-fiilhs of 
them. Tie Devon an fieles w ere many of them covered with bony plates 
forming abuckl r a d were also of peculiar form. Fig. 223 sbowa tho under 
side of the Oephalas^ s Ljellii. 
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tbis country, is tliu Iloloptj'^l 
some idea. 

Reptiles, — From at least two Bourcos of ccidonco we find that 
reptiles began to appear as early as the Devonian period, though 
some geologists saspect that iho Upper Old Red Sandstone of 
Gveat Britain belongs to the Caiboniferous group; and if so, it 
■would raise the reptiles into that fonnation. But ono skeleton ot 
a reptile. Fig. 223, called the Telerpefon Elgin en se, and Lepto- 
plenron lacertinum, by Professor Owen, has been found in the 
Old lied Sandstone of Morayshire, which Dr. Mantoll regards 
cither as a fresh water Batraciiian, or a small terresti'ial lizard. 
Another, a true Saurian reptile, has been found in the same forma- 
tion. In another part of the same roct small bodies have beea 
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^iC/// .''^< 



1 




Ho.led by Google 



CAEBONtPKROUS PERIOD. 273 

Lithkhnozoa, — In tlio Old Ked Sandstone of Scotland, Captain 
Bi'ickenden bas described tracks which agree Irest witli tlio Cbelo- 
iiiaus or Tortoises, as shown on Fig. 227. 

Tn the red nandsKme near Pottsville, in pHnnaylvanifi, laaoc Lea has de- 
pc: ibed the tracks of an animid wbicli he calls Sauropus priniievuij. They 
nrs shown on Vt^. 228. 

Profesaor H. D. Rogers, in oppoaition to Mr. Lea's opinion, places Hiese 
tracks in tl>e lower part of the carboniferous formation. So lie does, also, those 
oilier analogous species which- he found 1500 feet lower in the serioB. He 
also louDd wli^ he thinks may bo the trail of a mollusc ia bis Umbral Series. 

5. Cakboniferocs Period, 

Tlie two very distinct parts into w hi h this formation is divided, 
differ widely in tlioir palawntologicil iharoctors. The lower part, 
called the carbonifcrons or mountain limestoiie, is rich in marine 
j'eJica. But it is tho remains of teirestiial plants, which so abound 
in tho upper part, called the coal meaourLS that gives the name 
niid the highest interest to the furmition Marine remains abound 
in this part also ; but the land plants predominate. In the brief 
space which we can devote to tho fossils of this formation, wo shall 
dwell chiefly upon the plants and upon tho higher tribes of ani- 

Plants. — Compared with tho formations below there was an 
immense development of plants in the carboniferous rocts. Pre- 
viously it would seem that not much diy land existed, certainly 
not iu a condition for producing vegetation ; for the plants iu 
these lower rocks are almost entirely marine, and of course flow- 
crless. But in tho cai boniferous era land plants wen? introiluced 
abundantly, more than 683 species liaving been described in that 
fonuation, accoi-ding to Prof, linger. But they were mostly flow- 
piless plants, chiefly such as form the class of Acrogens, such as 
tha Ferns, tho E<]uift?taco33 and Lycopodiacere, Yet many of them 
wore large ti'ees. Take the ferns, for example. In tropical regions, 
at the present day, tliese sometimes gj-ow ns high as forty or fifty 
feet, and the trunks are covered with tho scare of the leaves that 
have fallen off. Fig. 229 exhibits some of these gigantic ferns, 

Most of the fossil ferns probably belonged to species no larger than tho 
ferns now growi 115 in temperate lalitudea; but some of them were treo ferna. 
l'i(f. 230 shows Ncuropscrla ov;ita from the coal, and it can hardly be distin- 
(jiiisked from species nosv common in thia coniilrj. 
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Moro than 250 species of ferns have been already dug fiom the 
»3oal stTsta in Europe, and it is au interestiug fact that at present 
Dot more than fifty species of this ti'ibo of plants are natives of 
Europe, They are far more abundant in tropical regions ; and 
hence it -seems a fair conclusion that the climate in Eutope find 
the United States, during the coal period, was tropical. 

ProfeRsor Lindley made soma experiments to datermino what porta of plsnta 
would loajjest resist the action of water. The leaves auil bark of most dico- 
Ijledonoua plants, that is, our preseat farest trues and flowering plants gen- 
erally, were deslroyed in twe years. Tlio moaoi^otrledons, BUtb as the 
palms, were more enduria^, but grasses perislied. Funguses, mosses and 
mast of tha loweat forms of vegetables, snon disappeared; but ferns were 
the most enduring of all. la short, those plants most abundant io a fos»l 
etate endured the feast Hence it is inferred tliat tha frailer sorts may have 
been madi more alDoadant in early times tban tbeir number found IbssU would 
indicate, 

StiynMria. — -Immediately beneath every bed of coal (and some- 
times twenty of thirty beds lie above one another in (he same 
basin) is a layer of arenaceous shale, from six inches to ten feet 
thick, called under clay or fire <:lay. In this, and here only, is 
found the peculiar fossil called Stigmaria, Fig. 231. It is ascer- 
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cicatrices, showing the points to which leaves were attached while 
growing. They were probably hollow trunks, or became so be- 
fore falling, and hence are so much flatteiicd. Doubtless tioy 
formed the source of most of the beds of coal. 




Zj/copodi-ama, or Club Mosses. — The living plants of this famil)-, 
ahoiit 200 species, are small, larely in temperate climates exceed- 
ing a few inches, and in tropical climates never more than three 
feet in height But the L«pidodendron, which is an allied fossil 
plant, grew forty to fi.^y fact high. The truid; is heautifully t:?a- 
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Sjlatod or scarred !ike tb.o SigiUari;i, u 
hatuiH, on Fig. 236. 
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Bquinctacece. — The living plants of t'lis family go by t!ic 
cf hoi'setails, cattails, rushes, etc^ and are of diniimitive 
But not so the fossil species. Tbe most remarkable and 
is t!ie Calamit«s, These were lai'go jointed reeds, attaining some- 
times tho size of trees. A sample is given in Fig. 239. 

, The largo trunks tliat liavo been desoribBd are Eometinies found ataading 
upi^ht in the miua and peaetraCixig tliu aandstone layers. Fia, 2-iO Ebowa a 
BucccsEicm of vertical afeaia of this sort in the coal incaBures at the head of 
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the Bay of Fandy in Nora Scotia. TLe mass of sandsfone containing tha 
stems is 2,500 feet tliiclc, aod Iho length of tlie uprigiit trunlia six or eight 
fteU Ouiy uiaety-tKo feet of tile beds is repreaenled. 




Asteropfi;/llilc(e.^-'T\wiie jjlitnts bdoiig to ilic Acrogens, but 
have the asputt of astur flowers, ftiiil iience liie name of tho 
family. Tliey were not numerous, but quite peculiar. Pig. 241, 
exhibits 3 species of Annularis. Fig. 242 shows the Spcnophyl- 
ium emarginatiim, another genua of these plants. 
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Flowering jlants bigan to ippear in tlie 
coil formation 'feveral spccits of pilms 
in i of grissca are reckfnid imoi ^ tli) 
lototyledons Tho dicotyledon a ai:* 
1 nio'-dy reLkonc<l as belonging to the Con 
I ifera. or pine tribe cspeciallj to ttc \rau 
1, a apeciea of ivbitb now ^ro"«aonl\oi 
? folk Island, on the ^^est coa'^t of Ameucn, 
18 cultivated frequently m constr\ ^ 
tones Trunks of the fossil trees ha\o 
btcn found in seieral quarries m Scotland, 
penetrating the stratt ol iiquely and being 
sirty to Be\cnty fett long, and from four to s x feet in diameter at 
the bise Coniferous plants bave i poculiir iniLroscopio struc 
ture, winch is retained in true pctrifaetiona, and can be made 
manifest by polisbing thin plates 

AniTnah. — Tbis is tbo first formation m an ascending order m 
wbicb any of the Protozoa bave been found of much size, alfbongh 
they occur as deep as tbo Lower Silurian, Here wo have in great 
abundance in the Carbon ifevoiia Limestone, the FusulinEe, jvhicli 
belong to the class Foraminifeva. These are organisms mostly 
microscopic, of a simple structure, protected by a shell, and bear- 
ing a considerable resemblance to chambered shells. The num- 
ber found fossil amounts to '73 genera and 657 species, in- 
creasing in number and variety as we ascend, and attaining their 
maximum in the present se-iis. We givo only one example Lci'e, 
the Fusulina cylindrica, considerably magnifiyd in Fig. 243. 

A tertiary limestone, the "Calcairogrossier," isuaed at Paris ns a buildinj; 
stone, and so abooncla in Foraminifera, that wa may almost regard tlie capital 
of France as constructed of tliese minute shellp. 

Of the Bryozoa, wegive one example from tlio Carboniferous group, which 
is Coral, tlio Aroliiroedfpora Arohimedea (Fig. 344), from Kentucky. Its name 
'A derived from its reaemblanoo to tliB ArcliimedeaD screw. The Eryozoa 
sre now put among tlie Molluscs. 

Fig, 241, 
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Tlio fossil BryoBOa already described amount to 1676 <ipem»s, 
215 of which are found in chilL 

tossil shell'*, both bivahe and unnalie, are abundant in the 

carboniferous hnit'^tone, but vn. pass by fhem all for want ot room 

except the Chambered shells, whiLh belong to the Geph'ilopods 

Pig KiE The two pnnLipal ftinihes oi them, the 

Nautihde and Ammonitid<£i, are divided 

into numerous charabere, connected by a 

\tuLe called a si ph uncle, both which fects 

J art, shown in Fig 245 The etrait and par 

I tially unrolled cephalopoda we h-\\ e already 

described under Ortho^era in the Silurian 

rocl.% and tho Ammonitidai, are not de- 

\ eloped till wo reach the secondary strata. 

Aaui. Bs Uat the Nautilid* are multiplied in the 

carboniferous strata ivhich contain not less thin forty species 

The ctmct specits of eephalopod molluscs amount to 1500, 
divided into 50 genfra, 1400 of these, divided into SO genera, 
belong to shelis similar to tho peirly Niutlli, of which only hie 
or BIX species L^iist in the present seas. 

Tlie Ceplialopods poascsaed horny mandihles, or beaka, which are freqaeiitly 
found iosail, and bsTe LcLn calitd Bhjncbolites. Figa. 248 and 241 show 
two or them. 





Among the Crinoids tbmid in this formation one of thi 
PentremiiB, of which Figa. 248 and 249 show the Pentn 
Indiana, as deicnbcd ij Profeas,(r HalL 
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Fwsil insects ]i:li bueii found as low RS liic co.i.! Inonsnrcs. Of 
the Aracbnida (spiders, ficorpions, etc.), 131 species are described 
in the rocks. Of these, tlie most iuteresting is tlie scorpion, found 
in Bohemia, and sliown on Vig. 260, tlic Cycloplithalrous Buck- 




According to Bronn, in 1848, eleven species of insects had been 
found in the carboniferous strata, thirty-one in the lias; forty-six in 
the oolite ; fifty-seven in the wealden ; two in the cretaceous, 
1545 in the tertiary, and one in the alluvium, making 1699 in all. 
This embraces the Mjriapods, Ihe Arachnida, and Ilexapods. 

Not less than 7o genera and over 150 species of fishes have 
b.;cn described in the carboniferons formation. Tliey begin to 
liave a much nearer resemblance to living fishes than those cf 
Devonian age, as the sketch of Palfeoniscus'Duvernoi (Fig. 251), 
and of Amblypterijs macropterus {Fig, 252), ivill show. 

All the fishes below the Trias, however, have one remarkable 
peculiarity. Tbe vertebra! column, or backbone, is prolonged far 
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info tho upper lobo of tlic tail, as may be seen in the above figures. 
This mates the tail imsymmetrical, or as it is usually slyled, hetero- 
cereal. Above the Permian this peculiarity is rarely seen, though 
among living fishes it ia possessed by the sharks, the dog-^fishc?, 
and Etuigeons. But most living afiecies, as well as the fossil, ft'oni 
the Permian upward, have symmetrical or homocercal tails ; that 
is, the vertebral column terminates at the middle of the base of 
the tail, as an examination of some of the figures of fishes wo 
sliall present in the higher formations (see Figs. 289, 290) will 
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This maik often enaWiiS the geologist to Jetcrrarae from wliat 
Fgs pat of the rock aenes a fossil Bpeeiiueu was obtained, 
d th s helps to fix the age of the rock jii which 



A few ivipg fishes, such as the Port Jackson shark, have Btrong 
dorsal Bfi nes, covered with Email t^'eth, ea weapons of defense. 
I have been found abundant! j nith the lussil Fpecit^ 
and ha e been described by the name of IcMhyodot-vliUs. The 
Sn t examples of these which we have met in Eurnpeun works 
13 ho □ on Fig. 253, which we introduce here, althou^rh it belongs 
\iO e Wcatden fbrmaCion. It belODga to the genos tUetodus. 
We g ve in Fig. 254 a most remarkable and beautifui example 
\ of what la moat probably an ichthyodomlito tVora the conl forma- 
n country. It was found by Dr. S. B. Bushnell, of 
□ Indiana, and presented by hhn, Ihrougli Eev. John 
'or author of this wott, by whom it was de- 
3t of Amherst College. It has the aspect of a 
] shark J w, but was most probably dorsal It has been referred 
o Prof Agaaaiz for description. If It be an iciithyodoruliie, it is 
he most beantlfu! that has ever been discovered. It was Ibund a 
foot above a bed of coaL 



I Uontezuma, ii 
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Agaasiz denominates sorao of the old fossil fishes, 
^a ro d, or lifeo Saurian reptiles, because their anatomi- 
cal st ucture, especially their largo striated conical teeth, 
lesemblo those of saurians. They are an example of 
1 at e shall find common, viz., a union of characters 
3 some fossil animals now found only in different families. 
Bep les. — We have presented decided evidence that 
reptiles began to exist as early as the Devonian period. 
As re should expect, we find them, though not very abun- 
dantly, in the Carboniferous strata. Professor Owen has 
])aid ^reat attention to this class of animals, and Borne 

Fig. 2M. 
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dofails respecting his classification, already briefly stated, may be 
desirable. 

He dmdes tho AmpliibioU3 Reptiles into two orders : 1. GawwepAaJri, ani- 
mate allied to the living Pi oteus and Lepidosiren, being iotennediate between 
flsh-like batraoliia and lizards and crocodiles. 2. Loliyrinthodimiia, animals 
bstweea batTachtam and lizards and fishes. 

Ifte Saurian R-ylUxs, Owen divides into eleven ordem : 1. Theco3o«,tia, 
embracing IJie Prowaauvus and other genera, among whicii is tlie Baikygna- 
thus, desuribed h/ Dr. Leidy, from Prince Edward's Island. 2. Orypiodtatia, 
between lizards, tortoises and birds. 3. IhcynodonHa, comhiniQg; eharactera 
ibund in orocodiles, tortdses, lizards and mammalia. 1. SnoUoaaaria, em- 
brai^ng most remarkable Ibssil Saurlana which will lie noticed further on. 
6. DiaosaaTia, great land Saurians. 6. JfenKoiMTO, or flying Saurians. 
1. OrocodUia, erocodilians. 8. LaeertUia, lizards. 9. Ophidia, serpents. 
10. Gheloaia, tortoises. 11. Balrachia, frogs and salamanders. Quito recently 
be has made somo change ia this plan. 

Prof. Jeffries Wyman Las described, under the name of Rani- 
ceps, a fossil batraehian, reetoned by Owen with his Ganocephala, 
in the carboaiferons rocks of Ohio, where are, also, two other al- 
lied species, Wyman also suggested the reptilian character of the 
Dendrerpeton Acadianum from Nova Scotia. But the most in- 
teresting of the carboniferous reptiles is the Archegosauras, the 
head of which is shown in Fig, 255. This, according to Prof. 




Owen, bc'cngs to the Ganocepbdl^ differing from Batiachiana in 
some important re<ip»ct>i, and illied to the lumg Proteua and 
Lepidosiven Oi et ha? also deii-nbfd a L-jbinnthodont reptile 
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from the coal of Pictou, in Nova Scotia, whict he calls Baphetes 
planiceps. 

LitUehnozoa.~la the western part of Pennsylvania Dr. A. T. 
King has described tracks in tho carboniferous formation which 
arc doubtless those of a Batrachian. We give in Fig. 256 a slight 
sketch of some of them. It is called Batrachopus primjEvus. 




Footmarks in Peana^tania. 

Dr. Buckland has given an account of Ichthypodulites, or fish 
tracks, fiom the coal formation. 

Hugh Miller has described abundant tracks on the coal meas- 
ures of Scotlaud which are reptilian ; but he does not decide 
whether they were those of a Batrachian or Lizard, 
6. Permian Pebiod. 

Both the plants and animals of this period are so much like 
those of the preceding, though differing specifically, that we sliall 
give bat a few examples. 
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Several new genera and many now 
species of fishes, and especially of rep- 
tiles, appear in tbis formation, and 
clearly distinguish it from the carbon- 
iferons. In England, Russia and 

Thuringia, several thecodont sauriana 

Prvdmtm horrldut. have been found, such as the Proto- 

EauruB, ThecodontosauTus and Palasosaurus, In this country Pro- 
fessor Emmoas has found in the sandstone of North Carolina the 
PaliEosaurus, tho CIcpsiosaurus, and one which he names Kntiodon 
Carolinensia, and he consider these fossils as proving that sand- 
etoite to be Permian. Under Litliichnozoa we shall see that other 
reptiles are found in this rock, as shown by their tracks. 

Lithicknozoa. — The first tracts discovered and described by Dr. 
Duncan in Scotland, are now thought to be in Permian rather 
than TViassic sandstone. The sketch, Fig. 259, evidently of a 
tortoise, was given by Dr. Buckland. 

Lately Sr Waiiom Jardine has described these tracks in a splendid folio. 
He has pven nine species ; Sve of them he refers to Cheloaiaiis, two to Sau- 
riajis, one to Batraj-hiaos, aad one is left doubtful. 

Having now reached the top of the Palasozoio deposits, it may 
be well to state certain leading facts as to the orgatiic remains com- 
mon lo the whole. 

I. These deposits are characterized by the entire absence, so 
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found rarely afterwards. 

3. By tlie esistcnee of nnmet-ous trilo- 
bites, of which there is no trace at a 
later period, 

7. TEIASSIC PERIOD. 

The fossils of the trias are loss nu- 
merous than those of several formations 
below and above ; hut some of them are 
peculiar, and possess unusual interest, 

Plants. — ^Thc general aspect of tlio 
scanty Triassic Flora differs much from 
that of the Permian and Carboniferous 
group, but some plants are very similar, 
as the Neuropteris clcgans, showa in 
Fig. 260. 
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3 cliaractcristic pluiit ia tLo Voltzia heterophylla Cgun^d below 




form, the terebratula 




lai^ flat teotb. 



Among the Crinoida wc have in the 
Muscheltalk of the trias, tlie well known 
and beautiful Lily Encrinite {Encrinus 
liliiformis) which is shown in Kg. 2C3, 
wiih a cross section of the etem beneath. 

The fishes of the trias arc all homo- 
cerqy.es. The genera known are twenty- 
three. "We give only the sketch of the 
upper jaw of one, the Placodus Andryani, 
Fig. 264. It will be seen that the almost 
entire roof of the mouth is covered with 
Sometimes it is entirely covered. 

IS a reptile, by 



In the paheozoic rocks the reptiles have been few. But in the 
trias they begin to show themselves in lai^e numbers and of pecu- 
liar characters ; a fit commencement of their enormous dovelop- 
raeut in the next higher formation. 
13 
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P!acoiit3 AndriKni 

Tlie Labyriotliodonts are per- 
haps the moat interesting. They 
are so named from the lahjrin- 
thino character of tlieir teeth, 
when viewed upon a cross sec- 
tion, aa in Fig. 265, which shows 
a portion of the tooth only when 
cut across and pohshed. Pro- 
fessor Owen describes them as 
reptiles having the essential bony 
characters of the Batraekia, but 
combining these with olher bony 
characters of crocodiles, lizards 
and ganoid fishes, and exhlhit- 
inj; all under a bulk which ri- 
valed that of the largest croco- 
diles of tlie present day. The 
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form of the largest Labyrintliodonts, if we may judge by tlie 
great brcadtb and flatness of the skull, most Lave more resembled 
tbat of the toad or the land salamander. 

Protl Owen describes five British speciea of the Labyriiithodon, one ot 
■wliich is identical witlj the Mastodonsauua found ia GBrmany, Fig, 266 
bIiows the ^uU of this speciea, Bonie of which have been found Irom thirty to 
forty-eight inches long. 

Fig. 266. 




of the Ldb!/nntltodon. 
Trot E. Emmons has lately found in ita sandstone of "Vorth Carolini a 
Labyrintliodont named by Laidy, Bidyocephabia degan^ Hb haa aJao found 
in the same rook three genera, and four or five speLiea if Thecodont roptloi. 
Dr. Leidy has described liltewise a Thecodont Saurian the Bath^uathus 
borealis, from the eandstone of Prince Edwird s loland. 

Another remarkable family of r(,ptili^ leprcsenfed by tha 
Rhynohosaurus articepa, haa been descrjb(,d b> Piofessor Owen, 
from the triaS of England. The tracks founi m conuecfion iv th 
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292 CHEIEOTHERIUM. 

the bones seem to indicate tliat the animal had i 
those of birds : three toes pointing forward, and 
pointitig backwards, Owen says that the " formation of the skull 
has brought to Hght modifications of the lacertine structure lead- 
ing towards Chelonia and Birds which before were unknown." 

Two well-marked examples of mamiferous animala have at length 
been found as low as the upper part of the trias, or certaitjly not 
higher than the lower part of the lias. One is the Microicstes, a 
small insectivorous quadruped, found both in Germany by Pi'ofes- 
eor Plieninger, and in England by Charles Moore, though deter- 
mined by Professor Owen, Among living mammals the small 
Myrmecobius, an iiiseetivoroua marsupial, comca nearest to the 
Microlcstes. The other genus ia the Dromatberium, sylvcstvo 
id, and named by Professor E, Emmons in the North 




Tracts of ChelrollKrii 
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Carolina sanilstones, with the reptilian remains already described. 
This, also, comes nearest to the Myrmecobius among living animals. 
Prof. Emmons is inclined to place it ia the lower part of the tnas, 
or even ia the Permian, and it is probably the oldest known 
mammal. 

Zilhicknozoa. — E^rly ia tho history of footmarks some were 
found in the new red sandstone of Hildbui^haiisen in Saxony, 
having such a resemblance to the human hand that Professor 
Kaup gave to the animal that made tbem tlie name of Clteirotke- 
rium or lutnd animal. The fore and hind feet were quite unequal, 
us ahown below in Fig. 267, which ia Cheirotheriuin Barthii. 

Similar tracks were subseqaantly found in Cheshire, England ; also t^0Ee 
of the three-toed reptile, RJiynchosaurus. Crustaceao tracka were likewise 
found in Cheshire ; also some resembling a horse-shoe by Dr. Co'ta in Snionj-, 
which may have been made by Chalonians. I'roE Owen euggoBfa ibiit llie 
Cheiro:htriaQ tracks may have been made by the Labyiinthodon above 
described. But suet an animal would leave two rows of tracks, whereas 
those of the Cbeirotherium Ibrm ouly a single row, aa in the nbovo figure, 
and, it would seem, moat have been, made by an animal with narrow body 
and long legs like soma marsupials, and not by such an animal as thai iu 
Figi 263, which ia the Labyrinthodon as restored by Prof. Owen. 
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L abi/rinihodon pachyymUhu» 



8. JCT.iSSIO OR OOLinO PEEIOD, EHBRiCraO THE WSAI,T)T;fJ AKD TITE LIAS. 

This formatioQ ia very proliflo of fossiK Amoog so many tliat are inl«r- 
csting we find it difficult to make a selection. 

PlrniU. — Tiie vegetation of this period was not remarkable as to quantity ; 
but it was characterized by tho preriominanee of Coniferte, or llic Pine tribe, 
and of Cycadacese, both ol' which arc Gj-mnosperras, or with naki.'rt seeds. 
"While only two genera and twenty sp* cies of the latter are fouud amraig liv- 
ing plants, thirty-ibor species occur in tho Oolite and Ibur in the chalk of 
Great Britain, where no living spedes is found. Fig. 263 will pve an idea 
ofa living species, tho Cycas tovoluta. 
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Ill Tig 2T0 13 giveti a repre 
aentation of a fossil Oycad, tho 
Cji.adoidea megapLylla. 

Ltigo pctiifiod trutiLs of 
Conifei 1, 0(,Lur m fcc\ eral 
form itions In the lale of 
Portland, on the co^5t of 
England, la a remarkable 
subterranean forest of tbese 
trees, or rather tlif-ir stuiiip=, 
CjMHfoMea megapiv/tta- standing perpendicular to the 

strata and rooted in a black vegetable mould, the whole now con- 
verted into stone. It is represented in Fig. 2'11. 

Among the ferns of this period is a remarkable one, of which 



Fig. 970. 
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295 BERN'S WITH FETTIT. 

there seems to be only one species, and that found both in tLe 
lower part of the lias and upper part of the trias. It had quite 
lai^e reticulated frond& radiatiug from a center, like some tropical 
ferna of the present day ; an example of which may be seen in 
Fig. 229, In Fig. 372 we present a smail portion ©f a frond of 
this Clathroptcris found in East Hampton, Mas&achusetta, by Ed- 
ward Hitchcock, Jr. 

Fig. 273 Bhowa a fern, the Coniopteris Murrayana, with apart of the fronii 
BHgniflEd, shoming fruit — a veiy unusual ocourrenee. This is an odkic 

Fie. sra. 




(%I*J 



AnimrUs. — Of corals we present only ona Fig. 2T4 shows tbe Priraiaater 
(iblonga. 

The bivalves and univalvo shells are very abundant in this 
formation. We pass by all except the Cephalopods which havo 
a development in the Oolite. Tlkese have already been 
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deacribHd in part, but some of tto families need fartlier elucidation. 
Some of the Cephalopoda have thcshcU wjtliin the body, as is shown 
in Fig. 275, which represent a living species, the Spirulo Peronii. 
The Orthoceratife, LituJto, BscuUte^ Hamitea, Scaphite, Tuirllile md Belem- 
ii;ta seem to liave bdlou^ed tn this description of sliella. Fig. 276 shows tlio 
Hamitea alreniLitils from tiio Gault, ivhieli lies a little above the Dolice in ilio 
cretaceous aj-stcm, but ia introduced horc for the sake of iHuatration. 




The oidinary appearance of a Belen i ite is tint of i 

mow head, as shown m Fig 277 At the blui t (nl it is u ally 

Yis.m. hollow and li one 1 ih b 

spl t (ff tho section na seen 

111 tho figure, iviU slow i 

(, niLdlcaut) 

Thiai s the main [tit of 
the inteinal shell ; but its structure was more complicated Ltsidts 
this cone-shaped shell, there was a conical, thin, horny sheath, cs 
tending outwai'ds and enlarging. This ]>art contained an ink- 
bag like the cuttle fisii of thu present day, which produces tho 
Sepia, or India Ink. Tiiere was also a thin, conical internal 
chambered shell, placed within the hollow cone above desci'ibed, 
liaving a constmction analt^ns to that of tho Nautilus and 
Ortboceni. Fig. 278 is an imaginary restoration of the Beleinno- 
sepia, a family of belomtiitos proposed by Bnckland and Agas^siz." 
1 :r'^ 
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Tha geological cabinela of Uiree 
ladies in England {Misses Anniiig, 
Phillpola an'l Baker) ava meiitiODed 
by Dr. Bucklanl ae furnishing the 
specimens of belemnites ooutaining 
petrified ink b;^ ; tbe ink of which 
was pronounced by the best anista 
to bo of Buporior quality. Thus were 
these an eiont csphalopoda identified 
witl) the modern cuttlo-fishf.'S, 

Belemnitea are mostly corn- 
fined to the oolite and tlic 
chalk, where at least 100 spe- 
cies ha\ b 1 ta d Sp 
of 8 p 



tcrtiarj' 

Of tl A n. t 
than 500 p 1 

described B 
2 in the Upp b 1 
the Tria. 317 n tl 
and 211 th Cb Ik 
of these 1! -la tl 

chambe 1 b II 
fully fi;, 1 1 
Some ot th m tl 

in diam b. look 
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Of tho EehiDoileiTnata we 
jr Bene a ain^lo beautiTul exair- 
(1e of Cidanlea Bliimeobachii 
inF^ 2S3 

l"ig. 284 shows the Pen. 
tacnaus fasci<.u1osu«, nhick 
IS callecl the Bnarean Pen- 
taerinitc oti account of the 
great number of its arras — 
the fabled Einieu'' being 
supposed to base a hundred 
bauds Tht, bones and the 
fingers in this pcntacrinite were 100,000, and those ot its side 
aims 50,000 more. If there were two masJes, asmlhe 1 igher ani- 
mals, to each bone, it would require 300,000 in this echinoderin. 

Fig. 285 ahowa another elegant speoies, the Apiocrinus Rossyanua. 
la Fig. 286, we present a single exanipla of an Oolite Annelid, tlie Serpda 
flagellum, wliich ia a calcareous tube once occupied by a ivorm. 

Insects and Myriapods. — In 1849, Bronn enumerated seven- 
teen species of fossil Myriapods, Buch as the centipede, two of 
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whicli occur lu the OoliU., anil the 
in till! tertiary ; also 131 species of Araohn 
or scoi'pioiis and spiders, of which two specu 
found as low as the coal measures, one in 
rest mostly in the tertiary; also 1551 'ipwi 



tho Oolite, and the 
■scf h(\apo(Iins ct^, 
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SerpUta ftageUam. 

of wliich 847 are colcoptera. Nine species of these insecte are 
found in the carbonifcroua formation, 120 in the Oolite, two in 
the chalk, and the rest mostly in the tertiary. Fig. 2ST, shows 
a sijecioa of Libellula from the Oolite, 



Pig. ssr. 




^'*ff 



In the sandstone of 
Whicli at. first was tti( 
larva of an insect A ...,« v. ... p.^™ 
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Fishes. — Tlic genera of fisiies already dcscnbed in IIji' C'olitic 
series, is 68 ; larger than in any formation below, except tbc car- 
bonifurons. They are homocercal. We give a sketch in Fig. 289, 
of the Dapcdiua punctatus from the Jias, and in Fig. 290, a re- 
stored Tctragonolcpis from the same fonnalion. 




, y* 
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Reptiles. — Tliia was tlie age of reptiles, rcmarkaUo both fcr 
their peculiar forms aud formidahlo dimensions. We shall try to 
give some idea of a few of the most important. 

Icklkyosaurus, — This animal, sometimes more than thirty feel 
long, and of which thirty speciea are known, had the snout of a 
porpoise, the teeth of a crocodile (sometimes amounting to 180), 
the head of a lizard, tho vertebras of a fish, the sternum of an or- 
nithorhynchiis, and the paddles of a whale ; uniting in itself a 
combination of mechanical contrivances which arc now found 
among three distinct classes of the animal kingdom. One of its 
paddles was sometimes composed of more than 100 bones; which 
gave it gi-eat elasticity and power, and enabled tho animal to urge 
its way through the water with a rapid motion. Its vertebra; 
were more than 100. Its eye was enormousiy large ; in one spe. 
ciea, the orbital cavity being fourteen inches in its longest direc- 
tion. This eye also, bad a peculiar construction to make it ope- 
rate both like a telescope and a microscope : thus enabling the 
animal to descry its prey in the night as well as day, and at great 
depths in the water. The length of the jaws was sometimes more 
than six feet. Its skin was naked, some of it having been found 
fossil ; its habits were carnivorous, its food, fishes and the young 
of its own species ; some of which it mnst have swallowed several 
feet in length. This fish-like lizard was an inhabitant of the 
ocean. Fig 291 txlubits a restored ichthyosaurus. 

Fig -91 




Oiai a/rJOhjuaa' 
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J'lesiosaurus. — This animal, of whicli twenty species have been 
found, haa the general structure of the icbthyosaums. Its most 
remarkable difference is the great length of the neck, which has 
from twenty to forty vertebrse; a larger number than in any 
known animal ; those of living reptiles varying from three to six, 
and thoso of birds from nine to twenty-three. 

The largest perfect specimen yet found is eleven feet long, with 
about ninety vertebras. Its paddies were proportionally larger 
than in the ichthyosauri. It was carnivorous ;, an inhabitant of 
the ocean, or rather of bays and estuaries, where it probably used 
its long neck for seizing fish beneath, and perhaps flying reptiles 
above the waters. Fig. 293 exhibits a restoration of one of the 
moat remarkable species, the P. dolichodetrus. 
Fig. ass. 




PUaUisatinia Michodeinis, 
In Pig. 294 we give a sketeli of one of the moat perfect ake'etoas of Fle- 
^osaurus macrocepbalus as it la/ in the rock. 

The preceding were carnivoi'ous reptiles that lived in the sea. 
But during the same period the land was tenanted by others, called 
Dinosaurians, of still more gigajitic size, whose teeth indicate that 
they were mostly vegetable feeders, or possibly sometimes living 
on a mixed diet. We give a few examples. 

.Vcgalosajirus. — Tliia name (meaniiiE; a great sauTian} has been giren by Dr. 
Buckland to a gigantic terrestrial reptUo, tUirty feet long, allied to the croco- 
dile and monitor in structure, and founi in the oolite. The animal was tar- 
nivoronsi and in the Btructnre of its teeth are co:nbinod the knife, the saw, 
and the sabro. Its principal food was probably crocodiles and tortoises. It 
Iiad a Dinoaaurian companion, called the Hyiieosaurus, about twenty-five feet 
k)Qg. 
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— This animal approaches nearest in its structure, 
especially that of the teeth, to the living iguana ; a reptile of the 
warmer parts of tiis continent ; and hcnco its name ; signifying an 
animal with teeth like tlie iguana. Its average length was about 
thirty feet ; circumference of the body, 14.6 feet; length of the hind 
foot, 6.5 feet; circiimfereilce of the thigh, more than seven feet! The 
form of the teeth shows it to have been herbivorous, like ihe living 
iguana. It had a horn four inches long upon the snout, like some 
species of iguana. Fig. 295 will give some idea of the iguanodon. 
The Pterosaurians, or fiying reptiles come next. They are di- 
vided into several genera but a description of Pterodactylus crassi- 
rostris will give a good idea of the whole, which are probably the 
most heteroclitic of all fossil reptiles. Fig, 296 shows a perfect 
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skeleton, 
digit or i 
attachment of a membr 



eitensioii of the fifth or innermost 
of the fLCtoral hmb? This coulfl bo only for the 
for fljing, as in the bat. 




o.led by Google 



PTERODACTYLB. 



In Fig. 291, the membrane as it is snpposedfo have existed, is attached b 
the eloasBted flnger. Some of them were so lar^e that the diatance from tij 
to lip of tlieir wiuga, when sprcaii, waa eigliteen or tweuty fuet 




Flavilaclslua cratairosirit. 

This animat had the liead and neck of a bird, the mouth of a 
reptile, tbe wings of a bat, and the body and tail of a mammifer. 
Its teeth, as well as other parts of its structure, show that it could 
not have been a bird; and ita osteological characters separate it 
from the tribe of bats. But in many respects it had the char- 
acters of a reptile. These animals were doubtless able to lly like 
the bat, while the fingers with claws projecting from their wings 
enabled them to creep or climb. When their wings were folded, 
they could, perhaps, walk on two feet ; and it is most likely, also, 
they could swim. Their eyes were enormously large ; so that they 
could seek their prey in the night. They probably fed on insects 
chiefly ; though perhaps, also, they had the power of diving for 
fish. 

"Thus," says Dr. Buckland, "like Milton's flend,all qualified for allserviees, 
uid all elements, tlie pterodactyls was a fit compaDion for the kindred reptiles 
tiiat swarmed in tiio aeaa, or crawled on the sliures of a turbulent plMiet." 
" The Fiend, 
O'er bi^, or steep, through straight, rou;^, dense, or rare, 
With head, hands, winji;a, or foe^ pursues his way, 
And swhns, or sinks, or wades, or creeps, or Hies," 

fVodiae Lost, Book 2, line 9i7. 
" With lioc'jis of suoh-lilf 8 creatures flying iu tlio air, and shoals of no leas 
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cionstroua kHitliyoaauri snd pleEiosatirl awarming' in llie ocean, and gigau^c 
crocodiles and, tortoises crawling on the sliorea of tlie primevai laliea and 
rivera; air, sea, and iuod must have been Bttangely tenanted in these early 
periods of our infant world." Bridgewater Treatise, vol. i. p. 224. 

Fossil crocodiles ai'C quite numerous from tlie lias to the chalk 
inclusive. The earlier species had great peculiarities. Many of 
them had long and slender jaws like the gavial of the Ganges. 
Of the twelve living species, three are alligators, eight true croco- 
diles, and one gavial. Fig, 238, shows the head of the Mjstrio- 
saums Tiedmaiini, from the lias ; a good example of long and 
slender iaivs. 

Fig. 239. 



Xyelnaiaurus ysedmonni. 

Excepting their tracks, as already detailed, we have no CTidence 
of tlie existence of Chclonians or tortoises, helow the lias. In 
general these are not larger than those now living ; but in some 
of tJie higher deposits they are found from eight to twenty feet 
in diameter. 

Birds. — The only evidence of the existence of birds as early as 
the lias, or even perhaps the later periods of the trias, depends 
upon their tracks in New England. For no trace of their skele- 
tons has been, found, nor of any thing connected with them, save 
a few coprolites. But bo cleaiOy do some of the tracks correspond 
to the feet of birds in their form, the number of their toes, and 
especially in the number of phalanges, that Professor R, Owen, 
the most eminent of European comparative anatomists, seems fully 
satisfied that they were formed by this class of animals. See his 
ai^umenls on the subject in his admirable work on Palaeontology 
published in 18p9. The case is argued also in the Ichnology of 
New England, wliere full details of the facts are given. In what 
follows in this work upon the oolitic Lithichnozoa the facts are 
also briefly stated. 

Mammalia. — These are warm-blooded, air-breathing, vivipar- 
ous, vertebrate animals. The lowest group on the scale of organ- 
ization and character are the marsupials, like the kangaroo and 
opossum ; and these, as we might expect and as we have scan, 
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began to appear towards the close of the triassic period. Not less 
than seven genera have been found in the oolitic series, viz., tho 
Atnphirherium, Aniphilestes, Phascolotherinm, Stereognatlius, 
Spalacotberium, Tricocodon and Plagiaulax. They were mostly 
Email animals, and some of them were insect-eaters. They have 
been fouod chiefly in England. 

lAthichnozoa. — The most remarkable locality on tte globo for 
fossil footmarks, so far as yet known, is the Connecticut valley 
in Maasachuaetts and Connecticut. Till of late the rock has been 
regarded as new red sandstone, and that formation is perhaps 
present in the aeries ; but the belt that contains tho footmarks 
eecms more probably to be the equivalent of the lower part of tho 
oolit*, say liassic, or possibly it is the upper part of the trias. In 
Hitchcock's Report on the lohnology of New England, published 
by the government of Massachusetts, the tracks of 119 species of 
Lithichnozoa are figured and the species described, al! of whose 
tracks are preserved in the Ichnological Cabinet of Amherst Col- 
lie. These tracks vary in size from those twenty inclies to those 
one twentieth of an inch long, and it would require nearly balf a 
million of the latter to cover as much space as one track of the 
former. The animals are divided in that Report into the following 
groups, with more or leea probability. These we propose,as tiie sub- 
ject is one of novelty and interest, to illustrate by several drawings. 

Group 1. Marsupioioids. — One of these, the Anomcepua major, ia shown 

on Fip;. 299. Fig. 300 shows the Anisopus Bracilia. Fig. 301 shows a row 

of thatrac'isof Anisopus Dewejanus. There are five species of this g 

Fig, 299. 




Group 1. Pacliydactylous, or Thick-toed Birds.— 1\\ii is the 
most distinct and important group. The toes often show the im- 
pressions of the phalanges or joints most distinctlj", and their num- 
ber corresponds exactly with those of birds. This is sljowii on 
Fig. 302, and also on Fig. 303, which shows a part of a very per- 
fect specimen in the cabinet, some five feet long. The track of 
the largest species. Fig, 302, is eighteen inches long — fourteen 
species in the group. 




Group — Lqiodach)Toa3or- Sarrfno oedBrds — Of the IT sp^ es of these, 
Pig. 304 wU K e an eiampla and Fg 30 shovra some ro s of what 
Heoma to have been a b ped yet t s placed among the O n tl o d Bn rachmoa 
for n^asons that can not bo here given. It i3 ApaticIiDus Lircumagen^. 

Group i.—Ornith'iid Lizards or BatTachians. — Tliat i'', animals 
which, though upon the whole, we must regard as lizards and 
batrachians, still have soma charasters that ally them to birds. 
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314 FOOTMARKS. 

Fig. iiC3 ia tha track of a saiall liaari, tlie Ort!iodactylu3 florifema 




Orilmdac^lvi flarifems. 

Croup G. — Batrachians. — Of the sixteen Epecies of tliis group, 

iLe Otozoum lloodii is tie most remarkable — the track is twenty 
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inches long, and covers more tban a square foot of surface. Tlie 
drawing Fig. 309, exhibits two bind tracks of this four-footed web- 
footed animal, with numerous smaller tri-digitate tracks on the 

Fig. aiOaliowatracltsof Clieirothc- 
roidua pilulatus, with pclleta ou only 
a part ol the toes, like soma liviag 

" )g3. 

Group T. — Chelomans or TorUnees. 

-The fore and hind feet of one amall 

t of the eight in this group, 

are given on Iik. 31!. It ia the An- 

cjropus lieterochtus. 




Group 3. — Fishss. — Tlie trac;k3of this cdas3 aro m pBciiIiir that we omil a 
figure. And yet it ia an uadoiib(ed ^t tliat ^hes do sometimes coioe out 
of the water, and wallt, or rather hobble, over the laud, ^our species are 
given in the Report. 

Group 9. — Crustaceans, Myriapods, and Insects. — Perhaps it is 
not possible t« distinguish between these classes in many cases by 
their tracks, and, therefore, they are grouped together. The fol- 
lowing sketches are copied from slabs in the cabinet, and are of 
the natural size. Those with six legs were most likely insects; the 
the others perhaps crustaceans, or myriapods. Fig. 312 shows 
Hamipes didactylus. Fii;. 313 two trackways of Bifurculapcs 
laqueatus, and one of Hexapodichnus horrens. Fig. 314 was 
made by Copeza triremis {the three oared oar-foot.) Fig. 31S by 
Acanthichnus cursorius, and Fig. 316 by Lithographus cruscularia 
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and Bifitrculapes elacliisto- 
tatQs; the latter the smallest 
of all tracks yet discovered, 
requitiDg hulf a million of 
them to fill a space equal 
to the foot of Otozoum 
filoodii. 

"We give two species of An- 
nelid tracks. Pig. 311 shows a. 
angle furrow like that made by 
the earth-worra in summer 
Bfter a shower, and ia called 
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UnisulcMa intermediua. Pig. 318. repreaenla a wonn which moved by fixing 
113 lieid upnQ the mud and draw ing op its posteriors, tlien advonoiag its liead 
to hnd anolliOT fulurum. Ihis is calliil Ualjaichnus laquoatua. 

This, although a very meagio 
account, discloses a very re- 
markable fauna in the Connecti- 
cut valley, in sandstone days. 
Yet with the exception of one 
or two skeletons of rather small 
reptiles, and a few coprolites, the 
tracks are all the evidence we 
have of the former esistenco 
of 60 many liuge and strange 
beings. Well may we say with 
Hugh Miller, "they are fraught 
with strange meanings, those 
footprints of the Connecticut." 





There is another curious fact generally connected with these 
footmaika Tiie same surfaces ire frequently covered with small 
pits, which can not be distinguished from those made on muil ind 
clay by rain drops , and such they are now regarded Even the 
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direction of tlie wind at tbe time they woi'o made can Bometimes 
be determined by tlie paiallel elongation of the rain impressions. 
Pig. S19 will give au idea of the usual ajipearance of the fossil 
rain drops. 




These fossil rain drops are found on all the aqueous deposits aa 
far back as the Cambrian, 

Mode of Formation of the Tracht. — A child hardly needs any 
help in forming a theory as to the origin of fossil footmarks. lie 
will say they must have been made by animals walking over the 
surface while the rook was soft, which was subsequently hardened. 
The rain drops, which arc frequently on the same surface, show 
that it was out of water when trodden upon, though some cases 
prove it to have been sometimes under the water. The whole 
Burfece must have been subsequently covered in order to bring 
mad over the tracks to form the rock above them and preserve 
them. Thus would the tracks be slowly filled up,and not entirely 
disappear till several layers of mad had accumulated above them ; 
and besides, the weight of the animal would bend downward sev- 
eral layers of mud beneath the tracks, so that when the rock was 
afterwards split open, we should find the same tracts, more or less 
perfectly exhibited, on several lavers. Putting these layers to- 
gether by hinges, we get B.fr>svl hnoh of great: interest. Fig. 320 
represents the most remarkable volume of this sort ever put to- 
gether. Two tracks are here shown passing through five layers 
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of roct. Tbe specimen (in tlie Anilierst Iclinological Cabinet) is 
nineteen inches long by eight, ind five inches thick when shut. 




The Mosaacirasetts Idmijlogioal Report groups the 119 spydes of lithicli- 
Bozoa hitherto discovered iii tho Conueoticut valley as follows : 

Marsnpialoid auzmals ,-,...- 5 

Thiek-loed Ijirds " ll 

Karrow-loctI birds 1 1 

Oraithoid Lizards or ISatmaliiaii J If 

Lizards 11 

Batraohians, tlio Proj-nud Salamander faiailj . . . 1! 

CbeloDians or tortoises S 

Fialies i 

CniBtaceans, Myriapods and I:!EGOta 13 

Annelids, or Baked worms & 

Of oacerlain plaoo ,..-■... 6 

Liikicknozoa in ike WeaMfn.— Mr. Becklea has- obtained from 
the Hastings sand, a middle member of the "Wealden formation 
in England, impressions of enomioua size, which arc three toed, 
and the animal apparently a biped, Fig. 321. Yet Prof. Owen is 
inclined to regard them as made by the Iguanodon, and supposes 
the tracts of tbe fore feet were always covered by the hind feet. 
The largest of these tracks are twenty-eight inches long and 
twenty-fivo broad, and the stride sometimes reaches forty-six 

0. Cretaceol's Pbihod. 

The plants of the cretaceous system, including the green sand, 

are not very numerous or important ; and we shall pass them by. 

The animals, however, are very abundant. The Protozoa are 

lai^ely developed, especially the Amorphozoa, or organisms allied 
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to epotigcB, and the I- 
examples. Fig. 322 
the CceloptycLium lo 



f st wo present two 
diatus and Fig. 323 
opean chalk. 




We have elsewhere spoken of the great difRcuHy naturalists 
have experienced in disposing of the sponges, hoth living and fos- 
si!. They are certainly organic; but whether animals or plants, 
or to ho regarded as an intermediate group, as Owon svipposes, 
remains to be decided. Pictet divides thoni into three families ; 
],the Spoiigides; 2, the Clionides ; 3, the Petrospongides : the 
lust of which is exclusively fossil. They commence with the silu- 
rian, where are three genera. One is added in the Devonian, 
four in the Permian, five in the Trias, nine in tho Oolite, and 
nineteen, in the chalk. 
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The Foraminifera are mostly microacopic, and they form otten a large part 
of rocks. Nearly lialfof the clialk of northern Europe ia composed of tliem. 
We giro below, in Piipi. 324, 325, 326, 327, 32B, 329, sis epeciea, greatly 
fflagnified, fix>m the chalk formation. 



Pig !24 Fig. SM. 



Fig. 326, Fit a 




Cristellaria Spacluiltii. 
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In llio Eeticalipom cbliqun, Fig. 330, we give s. singlo esEmplo of a (oskI 

Polyzoa, or Biyozoa; animals ragsrdetl by some as a braaoh of the ir-" 

coming under the diviaiou Molluscuidea. 



Fig, 33]fpves an example of tlie Actinozoa, viz., the Diplocteiiium cortla- 
tum, and Fig. 332 another genua of the same class, tlie AnUjopbjllam atlan- 
tjcum of this oountiy. 




ThsMflh'^c 11 ■i] dint nnlii 
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ACEOUS SHELLS. 
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the beautiful Trigonia cauttats, and Fig. 337 llio IlippurLlea fe 

genus quite cliaraeteriatic of the chalk. Pigs. 3U8 and 339 chow a side and 

ftflatviewoflnoc ' ' 




Among the univalTes^ Fig. 340 shows the Turritella 
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Of the Oephalopods, the Scaphites Tvanni is shown on Fig. 341, and tlio 
Anoylocerus Matheromaiivia ou Fig Si2 

0! tliB Ech.inoderm'! « liicli are abundant and btautiful in tliia fonaation, 
we give only tliestiiSih taleo-om i iu-tp:i\ cioii in Fik 343. 







1 ">''' v-^fln^^HI 


t^^Uj^Uvf 1 


f^W^ 


ll^^'H 


wW'r'^-j 


JFPBR 



Not leas than seventy-oiglit goi 
chalii, which we must pasa by, bee 
not ah^ady uotieed. 



■a of flslies have been described In the 
sa theypreaent noiraportant newphaaa 
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Fig. 344 shows a specimen of a, Clielonian or tortois?, tfie CliGlonia Bcn- 
Btedi, from Ujo ioiver clialk of LnglJud. 

Of reptiles, we give, on Fig. 345, a view cf tLc liead of tlie 
Mososaurus Hoftnaiini, as it appears in the Mtesti'iuht limestone, 
tip to the time of tlie depositiou of tbe chalk, the ichthyosaurus 
Bad plesiosaurus appear to Lave ruled in tbe ocean ; but then they 
disappeared, and the mososaurus took their place, to keep the 
aioltiplication of the species of other animals within proper limits. 
It was most nearly related in its structure to thi. monitor, a species 
of lizard now living. While the head of the largest monitor does 
not exceed five inches in length, that of the mososaurua is four 
feet long ; and the whole animal is twenty-five feet, while the 
moniior is only five feet in length. It had paddles insteiid of k'gs, 
and the number o: 



FiRM5. 




In 1858, Pi'ofossor Leidy dcsi'vibod a remaikallc reptile from 
the cretaceous marl pits of New Jersey, to which he gave the 
uamu of Hairosaurus Foulkii. It was a huge lierbivorotis saurian, 
closely allied to the Iguanodon, pi-obably twenty-five feet long, 
whose thigh bone is nearly a third longer than that of a common 
mastodon. Its tail was three feet deep. Though dug out of a 
marine deposit, it was probably amphibious. 

According to Prot Owen {Art. Paltsontolo^y in the Encyclo- 
pedia Britannica) the " trifid metatai'sal of a bird, about the size 
of a woodcock" lias been founit in the Catnbi'idge Green sand of 
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England. This is tlie earliest example of the Loncs of birds in 
the rocks. 

Wo have noiv reached the top of the Mesozoic or Secondary 
Period. Ita peculiar characters are as follows ; 

1. In it Mammiferous Animals are found but rarely, and of 
small size, belonging to the Marsupial sub-class. 

2. The Keptiles have an immense development in this period. 
Their great size and abundance have led some autiiora to call this 
the PaltoosKuriaa Age, or the Reign of Reptiles. But such phrases 
are rather poetical than scientific. 

3. Tie beautiful group of Ammonites and Belemnites with 
ramified divisions between the chambers, belongs exclusively to 
this period. 

4. The Echinoderms are quite different from those of the Paljco- 
zoic Period. The Echinides and Stellerides have a great devel- 
opment. 

5. The Polypi belong to peculiar groups not found scarcely in 
the palaeozoic. 



As we pass from the secondary into the tertiary period, we find 
a decided change in the cbamcter of tlie organic remains, scarcely 
a species being common to the two divisions. Those which coma 
in with the tertiary strata bear a strong resemblance to exiatinr' 
animals and plants, and numerous species are regarded by most 
zoologists as identical with those living now. But other eminent 
naturalists, among whom Agassb stands at the head, are of the 
opinion that the fossil and living species ai'e not ia any case, 
perhaps, identical ; but only closely related. At any ratc^ we find 
the fossil species becoming more and more like those alive, as we 
ascend in the tertiary series, so that it becomes more and more 
difficult to distinguish between them. 

Sir Charles lyell'a well-known division of the tertiary strata into Eocene, 
(tlie lowest group). Miocene and Plio(«ne, is founded on the per coat of liv- 
ing spBcioa in the different groups. It does not exceed five per cert, in tlie 
Eocene, twenty-five in the Miocene, and is between fiflj and seventy in liie 
Pliocene. In fact the per cent varies all the way from nothing to seventy 
from the bottom to top, and hence it seems a merely arbitrary assumption to 
stop at any particular per cent. Moreover, if the opinion of other eminent 
EflOlogiatB is correct, that the species aro all extinct, tliia classIScation falls to 
the ground. Yet it is generally adopted by English writers, and it would 
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eeem as if tliere tnnst be somethiDg nataral aboat it. Yet other dividons are 
made b; conCmKntal writers. Pictet and D'Orbigay make nx divisions. 1. The 
Inferior or Suesouiao. 2. The Caicaire grassier, or Parisien in part. 3. The 
Eosene superior, or Pariaien in part 4. The Superior Sandstones, or Falu- 
nien in part. 5. The Miocene, properly so-cailKd, or Falunien in part 
6. The Pliocenev or sulj-appeninB. We shall not in tliis wotlt be able to go 
enough into details to render it necessaiy to use either of these classifications, 
but ^all treat of the tertiary strata as a whole. 

Plants.— The tertiary flora is characterized by the abandanee 
of Angiospermous Dicotyledons, and Monocotyledons, especially 
Palms. These plants constitute more than three-fourths of the 
present vegetable productions of the globe. They began to ap- 
pear in the chalt, but were not fully developed till the tertiary 
period. In the earlier part of the tertiary, marine and coniferous 
plants predominated. In the middle pail, there was a mixture of 
tropical and temperate forms, and iit the upper part, a great re- 
semblance to the plants of the temperate regions of Europe, 
North America, and Japan. 

We shall give illustrations only of certain remarkable fruits 
which occur in the upper tertiary, aloug with brown coal, at 
Brandon, in Vermont. They have not yet been referred to 
known genera. 

They do not^ however, correspond with any plants now grow- 
ing in the northern parts of our country, and are doubtless of a 
tropical character. The figures below will give an idea of their 
size, shape and markings, and may serve as an example of tertiary 
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Bhoof the aamo as to s less common spocipa. Figs. 352 and 353 show a pome, 
what different gpeciea. FigH. 354 and 355 represent a not unusual apecieEfl, 
almost exactly spherieal. Fig. 356 is similar but elongated. Fig. 357 shows 
a single carpel Figs. 358 and 359 exhibit specimens with the apex quite 
aside from the geometrical axis Ptfta 3tiO aod 361 have longitudinal ridges 
quite prominent Figs. 363, iSS and 364 are more or less triquetrous. Figs. 
365 and 366 are elongflted, elightV striated small fmita, wilh & rather thick 
epicarp, Figs, SSI, 368 and 369 are iegumiooas seeds. Fig. 370 13 an ele- 
gaat and frail seed, with deiitate wavmj stri*. 
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fample of 



Pig, 364. Fig. SW- Fig. 366. 



Animals. — Of tlie Protozoa ive sliall give only a 
the largest known species of Foramiuifera. These occur in all the 
formations, 657 species and 73 genera having been already de- 
scribed. They increase in number and variety as we ascend 
through the strata, and reacb their maximum development in the 
present seas. They are tlionght to be the oldest of all animals. 
Several species now living can not be distinguished from some in 
the chalk, and one or two go back as fitr as the lias. But on this 
subject, as we have seen, there are two opinions. 

Fig, 311 exiiibila a horizont^ sectioa of a Numiaulito of the natural size 
(they are sometimes nearlj- two inclies across), showitig tlie diviaion into 
chambers. Fig. 312 shows several of tlie shells in rock. This is the species 
whiol" ■■- ' ■ " -lie pyramids of Eygpt and the Sphinx. 

F^. S!'i. 



Fig 373 shows a delicate spii 




Poljp the Tori inolia 
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1 DtsmH. 
Of the conohiferoua molluscs, or 
ordicarj' bivalves, we ^ve only two, 
aud Ihat mainly to show how nearly 
tliay reaetnbla eiiating species. Fig. 
BTfishowsIhe Plioladomya MellerilU, 
BDd Fig, 317 tlie Corbula Galliya. 

Fig.B78. 







a group it attains ita masiroum 
a times more genera ' 



Corbvta Oaltica. 

Tlie fossil species of ordinary 
bivalves are nearly 6,000, while 
the recent species are little more 
than half that number. Yet as 
a the present seas. Tliere are 
tertiarythan in the Siliirii 



which has yielded less than 100 species, while the chalk contains 
500, and the miocene tertiaiy 800. 



The lour following fisfures wiH give some idea of tlio Gasteropod Mollusca 
in the tertiary. Fi({. 318 shows tlie Fuliciir canalieulatus from Maryland, 
Fiff. 319 t1iB Murai (rioarlnoidea. Fig. 380 tlie Terebra ftiacata, and Fig, 
381 tlie Cypraea eiegaiis. 
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The fossil univalve sbells, wbich are less than 100 spctics in ihe 
Silurian, have increased upward to the newer tertiarj, whiih has 
yielded twenty times as many species. All the fossil species are 
leas than 6,000, while the recent species exceed 8,000. The air- 
breathing moHascs found fossil bear a still smaller proportion to 
those now alive. Only 300 species of land snails, and half as 
many other air-breatbera occur fossil, but the living land snails 
exceed 4,000. 

Passing by the other groups of the lower animals, wo come to 
the vertebrates. The number of fish is greatly increased, amount- 
ing to 188 genera; bat they approach existing forms so much 
that we give only a few examples, and those rather peculiar ; for 
one-third of the genera of the lower tertiary have become extinct, 
and these are some of them. 

Fig. 382 shows the Samiophorua velieans of AgassiK, Irom flie faiaona 
looality at Monte Bolca, iu lU\j. 

Fig. 383 sliows a, small fish called Lebias ceplialotcs, from the fresh water 
tortifliy strata, in Franco. It gives a good idea of ikea crowded condition 



The Squalidte or sharks have prevailed in all periods of the 
world's history since iishes first appeared. Many of those in the 
present seas are large and justly dreaded. But they are mere 
pigmies compared with those that swam in the seas that washed 
the shores of North and South Carolina during the eocene and 
micocene periods, as Fig. 384 will prove. It is copied from a 
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specimen found in North Carolina, and belonged to thu Carcliaro- 
don megalodon. Prof, Owen describes a Carcharodon thirty-seven 
feet long, with teeth two inches long and nearly two broad. Yet 
this tooth is five inches long and four and a half broad, and Pro- 
fessor Gibbes, in his Monograph of the fossil Sqnalidfe of the 
United States, says that they are sometimes 6.5 inches high snd 
five inches broad. " If" says Prof, Owen, " the proportions of 
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these extinct Carcharodons correspond with, those of the existing 
species, they must have equaled the great mamriiiferous whales in 
size ; and eombiiiing with the organization of the shark its bold 
and insatiaUe character, they must Lave constituted the most ter- 
rific and irresistible of the predaceous monsters of the deep." 
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The reptiles of the tertiary, some of them at least, bear a strong 
resemblance to e\istmg raies As an example, we give in Fig. 
385 the Palteobatrachua Goldfussii, dug out of the paper eoal, as 
it is called, on jhe Rhine 




Not less than 104 species of Reptiles and Amphibia have been 
described from the tertiary. Among them we find seren species 
of crocodiles, embvacing the alligator. Fig. 386 shows a part of 
the jaw of one of these latter animals from the tertiary of the Isle 
of Wight. 




JaK of A ttiffal'jr, tM cf WljM. 



Not less than eighteen species of cmcodiles in a -To^sii state bavo 
been found in the tertiary ; also nineteen species of land tortoises, 
seventeen species of pond tortoises, eighteen "- -' "■■ — '"-- 



f river tor- 
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toises, and sixteen species of sea tortoises, or turtles, as they are 
geneTally called ; likewise seven species of lizards. 

The Opliidja, or serpcnta, first appear in (lio tcrtiaiy, where at least ten 
species have been described. 

The first certain remains of birds, with, one exception in the 
green sand, are found in the tertiary, where twenty-three species, 
belonging to six known orders liave been found. The most in- 
teresting IS the Gastornis Parisiensis, described by Prof, Owen 
from the OLenc tertiary of Paris. It was as lai^e as an ostrich, 
and its affinities seem to place it between the Gallinacese, the 
Gi'illatores, and Carsores. 

The influx of mammalia during the tertiary period is most re- 
markable. While only some ten or twelve species, and these of 
the most imperfect tribes, have been found in all the rocks below, 
already over 400 species have been described in the tertiary. Of 
these, ten species were monkeys, ninety-four camivora, 109 Ar- 
tiodactyla, or even-toed (two or four) animals (to adopt Owen's 
classification), fifty-nine Perissodactyla or odd-toed (one or three), 
eleven Proboscidca (elephants), three Toxodontia, ten of the Sire- 
nia, twenty-seven of tiie Cetacea or whale tribe, three of the Chir- 
optera or bat tribe, twenty-six of the Insectivoraor insect-eaters, 
thirty-eight of the Eodentia or gnawers, and nine of the Marsu- 
pjalia. We can give only a few examples from this great number. 

Among the Camivora, the dog, sometimes resembling the 
wolf, sometimes the fox, and sometimes the domestic dog, appeared 
in the eocene tertiary, as did also a species of hyena as large as a 
The bear, also, and the seal, came in somewhat later. 
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ATHorig t'jo Artiodactyl.i may be ineTitionGd tho hippopotamus 
and tlio hog ; also spver;;! extinct alliei! animals, dug up in tiie 
vicinity of Paris, of whicli the Anoplotherimn commune, shown on 
Fig. 387, will give an example. This animal was about the size 
of the wild boar, and uoukl swim well. 

Another of tlieaa animals thjm tha Paris 
wliioli thera were several species, ranging in 
liorae, and of which Fig 333 will give an ida 
Fl, »68 




PtUoDlhtTtum. 



Among tlie ruminanls of the Artioiactyli found fossil may be mentioned 
Iha eamal, the (tiralTe, the muak, yariom kinds of dear, and the fnant aTjimals 
found in tlie mloeeiie of India, called tba Sivatiieriuai and Bramalherium, 
which almost eq-ialad the elepliant in size. 

Among the pachyderm atas, or thick-skinned animals, reckoned 
by Owen among his Proboscidea, we find the living genera tlepiiaa, 
rhinoceros and tapir io a fossil state, as well as the extinct genus 
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mastodon. Tliis last animal appears fo liavo been Uic elepliant 
of tertiiiry days, and ia distinguished from tlie elephant chiefly by 
the form of the tenth. Fig, 389 &liows the tubercular character 
of the mastodon's tooth, and Fig. 390 the flat surface of the ele- 
phant's to 




Three species of mastodon have been found in the Jliocena 
tertiary, eight iu the Pliocene, and three in Alluvium. The great 
mastodon of tliia country occurs in the latter, and we shall recur 
to it again. The elephant has been found in the tertiary of India, 
but only in alluvium or pleistocene in Europe and America. 

The order Sirenia furnishes a remarkable and probably the 
liirgcst of quadrupeds that have lived on the globe. The mam- 
moth and mastodon have been supposed to be tlie most gigantic, 
but they must give place to the Dinotherium, described by Cuvier 
as a gigantic tapir, but by Professor Kaup as a new genus between 
the tapir and the mastodon ; and adapted to that lacustrine con- 
dition of the earth which seems to have been so common during 
the deposition of the tertiary strata. Its remains have been fouud 
in tertiary strata, in the south of Prance, in Austria, Bavaria, In- 
dia, and especially in Hesse Darmstadt. lis length must have 
beeE as much as eighteen feet. One of its most remarkable pe- 
culiarities consisted in two enormous t ks, t th t t 
ity of the lower jaw, which curved d Is, 1 k th f tli 
walrus. Its general structure seem t h b d pt 1 to 
dicing in the ground ; and for thi p p t f t II 
tusks, projecting a foot or two beyoi d th j ws, 1 1 w f 
feet long, were intended. It lived pn p lly tl w te 1 k 
the hippopotamus ; and it probably I f t 1 f t a p 
the roots of aquatic vegetables, whi ha. I n by t t t! 
constituted its food. They might ha be f I also t a d a 
dra^iDg the body out of the water d f If 
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TA gfffonteum Head 

The tertiary strata famish sever il bpocios of dolphin and whale 
ftmong the cetacea , but the mobt remarkable animal is the ex- 
tinct genus Zeoglodon found in Alabama in the eocene tertiary, 
of which three or four species are recognized, but aoine donht 
whether tbey are true cetaceans. 

The annexed Blcetch, Fig. 393, may give some idea oT the Zeuglodon 
macrnspoaijylus, but we liave no great coaSdenoo m its accuracj. 

Many other kinds of maramiferooa animaU have been found in the twtiary. 
but we have not room to desoriljB them. Among Hiose beat known are the 
bat, the hedgehog, the shrew, the mole, the squirrel, the jerboa, the rat and 
mouao, the beaver, the poreuj)ini!, the hare, the oposaum, etc 
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The palfeontological characteristics 
of the tertiary period, at which wo have 
already hinted, are verymarked. They 
are the following, principally, 

1. The appearance and great devel- 
opment of mammiforous animals ia the 
most important feature. With the ex- 
ception of soma ten or twelve species 
of marsupials in the rocks bciow, all the 
other mammalia, to the number of 400, 
open before us in the tertiary, and seem 
to bo the precursors of the 2,000 spe- 
cies now inhabiting tho globe. 

2. The tertiary reptiles and fishes 
come near the living forms, and many 
correspond so closely that the best nat- 
uralists can not distinguish between 

3. The Belemnitcs and Ammonites, 
which were so abundant to the top of ^ 
the cretaceous period, suddenly disap- £■ 
pear and have no representatives in the | 
tertiary. I 



Under these names we include all the 
aqneous deposits above the tertiary. In 
countries, however, where drift ia not 
fully developed, it is not easy to draw 
tho line between the tertiary and the 
alluvial ; but there is no deposit in tho 
tertiary that would easily be confounded 
with the coarse, almost unstratificd 
mass called drift. But when this drift 
has been coniniinuted, sorted, and re- 
deposited by water, the layers are easily 
confounded with those of the tertiary 
period. Hence it is very pi'obable that 
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some of the organic remains which have been refeixed to pleisto- 
cene deposits really belong to the teitiary, and vice versa; eape- 
cially aa the fosaila do not indicate any such great and decided 
change of life between these periods as there was at the cloae of 
the cretaceous period. The moat we can say ia, that more than 
three fourths of the fossils in alluvium correapond to existing species. 

The most important feature of the alluvial formation was the 
introduct on f n n a the close of the period, and of numerous 
species, both ot a mils and plants, much better adapted to his 
wants than tl e a al go s races of earlier times, 

Anothe at e t ng fa t ia, that during the drift period, called 
the glacial pe od I) s o c, when a lower temperature prevailed, 
the specie b th ot n II cs and of mammals had a more arctic 
character than before, and that afterwards, as a warmer climate 
succeeded, the more aouthern species again moved northward, and 
the northern apecies retreated within their present limits. 

The fossil birds and mammals of this period belong almost 
exclusively to extinct species, and often to extinct genera. The 
number of species of birds is fifty-four, or more than double those 
in ihe terti iry 

By far the most important of these extinct birds are those 
found in New Zealand by English missionines, and fully described 
by Prof. OwLU He had it far«t only the Ir^ment of a femur ; 
but by applying to it the pnnciplea of comp»ratne anatomy, ho 
was able to construct the whole binl, and subaequcnt discoveries 
proved hia conclusions to hi. true It belonged to the Struthious 
or ostrich tribe, strongh rtscmhhng the Apter^s, a small wing- 
less bird still living in the island It had no winga, and its skele- 
ton was extremely nnssne, its toe hones being almost equal to 
those of the elephant, and the leg bones quite as lai^e as those of 
an ox. Prof, Owen has been able to describe eleven species of 
this bird from New Zealand, under the name of Diiiornis ; though 
to some of the species that had a short hind toe, he gives the 
name of Palapleryx, They varied in height from three to ten 
feet. The natives called them Moas, and there ia evidence, fi'om 
their occurrence with the half burnt bones of man on apota where 
cannibal feasts had once taken place, that they must have lived 
within a few hundred years, and possibly some may still be found 
alive. Their bones now occur in the hanks of the rivers. 



Ho.led by Google 



CINOBHIB. 343 

The spec'iPS of f lie IToa described by Profasaor Owen are as Follows : Dinor- 
nis it^auleux, eleplisntoiilea, injrens, stnitliioides, rhr'ides, dromioides, casuai- 
rinus, rohustus, tTa^us, giemnoidea, asd cunus. Of tLese we giro in Fig- 
391 a resLored sketch of Uiaomis elephanloides. 




nilar bonos, quite as large as any of those of 
the Dinomis, along witli some egg sliells, are preserved in Paris. 
The biiil has beun called ^piornis niaxinius. Its egg was over 
13 inches in diameter, and over 83 inches in circnmference, and 
equaled 148 hen's eggs, an.l 50,000 liumiijin;j bird's e^;s in size. 
In New Zealand, along wilh tlioso of the Dlnornis, were fonnd 
the bones of another cxtinf-t bird as large as the swan, called the 
Aptomis, and a large coo', the Notornis. So that at least ihirtecn 
species of remarkable birds have become extinct there at a eom- 
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parattvely recent date, aod two species of Apteryx which ' 
cotemporaiieoua with tiie Dinornis are nearly extinct. 

Ill tlie island of Eodi^uez, in the Indian Ocean, once lived another i 
lass bird, the Pezohaps solitarius, whicli haa become ostinoL In Fig. 39 
give a 8l:eKh of it. 




Peioiapt SoHBiriut. Tht Solitaire. 

Other wioglesB or aliort winged birds existed about 200 years ago, in the 
islands of Mauritiiw and Bourbon. They belonged to the Colambid* or 
pigeon tribe. The Dodo, which weighed fifty poanda, and inhabited Mau- 
ritius, is the most remarl^ble. It ia represented in Fig. 396. One or two 
heada and feet of this hird are all that remain in the cabinets of Europe, 
although tho earlier voyagers saw it alive and figured it 

One or two apeoiea of the Storthio Eliea, or South American Ostrich, have 
biien fonnd tbssil in that country. 
We have 



e were n 



that the earliest mammals that appeared on the 
pials. Among existing aaimals, AustraUa ts re- 
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i for the predominance of this tribe of animals. Ard 
there aucordingly we find numerous fossil species in the more re- 
cent formations. We showin3D7 the head of the gigantic thigk- 

Fig. 391, 
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efeinnetl kangaroo, calletl Diprotodon Australia. T]i!s liead was 
three feet long, and its size, as compared with that of man, may 
be judged of by the human skull placed by its side. 

The number of species of tlio different ordera of mammalia found in the 
post-tertiary or alluvial strata, may be seeu in tiie general table of Ibssila 
whidi we shall give at the close of this Section. Among Ihem wo notice 

Theae remaina occur, not merely in the common aqueous deposits or allu- 
yium, but many of the moat interesting have been obtained from caverns, 
where the bones are preaerred by the deposition of stalagmite, wliich has 
dripped down from the cavom'a roof to the floor, enveloping tJie bones. We 
^ve, in Pig. 398, a section of the cava of Gailenreulh, in Franconia, where 
the aituadon of the stalagmite, the bones, etc, is obvious to inspection. 

Eecaiise they ore so large, and fouud in Europe and America in 
regions too far north for tlie living elephant, the Mastodon and the 
Mammoth excite great interest. Wo have already indicated the 
difference between tifeae two genera from the cbaraeter of their 
teeth. The Mastodon appeared earliest ; three species being 
found in the inioceno tertiary, and eight in the pliocene. In 
still newer strata three species are described. They occur in 
Europe, Novtli and South America, and in that famous locality of 
mammalian bones, tbe Scwalik Ililla of India. 

In tiiia countiy the most rem k ih ss mastod ts, 

and other animals, is the Big £o K bo ty m 

BOuQiwest of 0ndnnati, It m bo m istoi 

20 elephants, two oxen, two m 

from this spot. 

In general the bones o m n 

superfieial deposits ; m p wh th 

animal is sometimes found ta d Th d n pe 

feet skeleton ever found, w b u 

in Newbui^h, Orange C y \ k wb ma y 

years before, another specimen had been obtained, and was put up 
in Peale'a Museum in Philadelphia. That found in 1845 was from 
a peat bog, with marl beneath, and weighed 2,000 pounds. In 
the place where the stojnach lay was found a quantity of broken 
twigs, perhaps of tho white cedar. This was Lis last supper. A 
poor sketch of this mastodon is given in Fig. 899. It was pur- 
chased and fully described by the late Prof John C. Warren of 
Boston, and by him placed, with many other splendid analogous 
fossils, in a fire-proof cabinet in Boston, whero they now are, the 
property of his heirs. 
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fienburg Maa'odoii. 

The mastodons precetled, for tlie most part, the Mammoth 
{Behemoth, Arabic), wLich was a fossil elephant. " The transi- 
tion," says Prof, Owen, " from the mastodonta! to the elephantine 
typo of dentition ia very gradual." Two species of elephant pre- 
ceded in Europe that which is called Mammoth. The most re- 
markable of this species was found in Siberia, encased in frozen 
mud at the mouth of the river Lena. Its flesh was not decayed, 
and it was covered with a reddish wool and long blaclt hairs, in- 
dicating its existence in a colder climate than those countries 
where the elephant now lives. It is preserved in the Museum of 
Natural History in St. Petershui^h, and has a length of sixteen 
feet and a height of nine feet. Wo give a stctch of this animal 
in Fig. 400. 




Hammoth. 

There are two living species of elephant ; the Asiatic or Indian, 

ivliich extends only to the thirty-first degree of north latitude, and 
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tlic Africa!!, whicli occurs as far sontli as tlie Cape of Good Hope, 
Ten Bpecies of fossil elephaots have been described, all in post-ter- 
tiary strata. 

BhiitBcerm, Mppopotamus, Hyena, Rotte, Ox, Deer, Sivaiherivm, Mmkeg, 
Camel, etc. — MoeC of tliese animaLs in ttieir fo^il state, dilfcr so little fVom tlie 
existing spedea, tliat tliej need not l>e pirtioularly described in this work. 
Tliey are generally, however, of lai^er sizs than the living species. Tlie 
rliinoceros fouad undecayed in the &ozen gravel of Siberia, has already been 
noticed; and several other Species of liiis animal occur ia Europe and in In- 
dia, associated with tlie bones of the elephant, also with several spedcs of 
hippopotaitius, and one or two of oxen, aarocha, and deer. The horns of tbo 
ftra^l OK are Bometimos very large; in one example thirty-one inches long. 
Of deer some thirty or fiirty species have been fbund in the terciaryand post- 
tertiary. We giv^ in Fig. 401, a sketch of the Megocerua Hihermcus, or 
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great Irish, Elk, tliat meaaured nearly elevett feet between the tips of its 

The most interesting remain? of Ihe hyena are those found in caverna. 
The sifiaSieriwm ia an extiuot anunal recently found in India, in eonerelidnary 
drift, larger tljan the rhinoceros, furnLahod with four honja and a proljoscis, 
and forming an intermediate link between tlie rumiuantia and pauhydemintn. 
In tho same depo«t wore found the remtuns of a gigantic species of mopkey 
and of a camel. Ten species of monltey have been discovered in tertiary do- 
posils: so that the important fact seems now well eatablisbed, that Ihe au.- 
mals approaching noai'est to man in their structure, have been found in a 

Glyplodon, Ifegai/teriam, ami Myhion Tho armadillo, as is well known, 

is covered willi a i)ony armor for defenao i^ainst enemies, dust, etc. The 
few living npeciea of thia animal are small and conSned chiefiy to South 
America, where they burrow liiie the woodchuck. 

But the anraent armadillo, called ihe Glyptodon by Pro£ Owen, was a 
giant Its carapace, which is preserved in the Moseura of the Royal College 
!ona in London, resembles a huge cask. Below is a sketch of the 
la restored, i'ig. 402. 




The Megather nm IS an enom sennet in mil ivhcl wa^ once abundant 
in Ihe va-jt pja na or p mpoa of the s e conti ent They have boen found 
by Mr. Dam n over an exte i of 600 miles, accompan ed w th bones and 
teeth of five other qua rapeds, some of them of a f nilir conitruolion. 
Bones of th s an mal are found al o on the island of Sk d kway on the coast 
of Geoi^pa It was larger tl an tho rh nonoro^ on 1 its proport on^ n we per- 
fecfly colossal W t a head and neck I ko those of tl e s o h ts lepa and 
feet exhib t the charai-t r :rf' an armad I o nd I e ant*aler Its body w.is 
twelve feet long and e^ht feet high. Its forefeet were a yard in length and 
more than twelve inches wide, terminated by ^gantio claws. Serosa its 
baimohes it measured five leet^ and its thigh bono was nearly three times as 
tliicb as that of the elephant. Ita spinal marrow roust have been a foot in 
diameter, andils tail, at the part nearost the bodr, twice as lai^je, or six fet t 
in mrcumference! Ita teeth wore admirably adapted for cutting veeetnble 
snhstancea, and ita general structure and strength aeeni intended to fit It for 
di^ng in the ground for roots, on which it principally fed. Pig. 403 ex- 
hibits the entire skeleton of this animal, as seen in llie Uuseum at Uadric^ 
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In ths auperflrsal doposita of South America seroral other interostiog ex- 
tinct animals have been founil, belonging rooaOy to the Pachydermata, or 
thiok-Bkinned, and tlie Edentala. The Toxodon, which had a skull twenty- 
eight iueliea in len;^h, approJcimates in ila Btructnre to several femiliea of 
ftmrnals, viz^ the Rodentip, the Rummanli^ snd Cetacea; although, in tkcl, 
a Pachyderm. The Maerauehenia greatly resemblod tho llama, and had a 
neck almoat aa Joag as that of the ^ratfe, with a l)ody nearly as large an that 
of the rhinoceros. Tlii^ also, was a, PacliydcroL The Mylodou, aa Eden- 
tate animal, ivaa of ma^ivc and aingiiUir proportions. Ila body was shorter 
than that of the hippopoEamus, but wag terminated hy a pelvis aa broad as 
that of the elephant and deeper, resSng on two toassiTe but abort hmd legs, 
with Shet as Ii»ig as the thigh hones. The tall, a3 long as tlie togs, and very 
thick and strong, was proij.ib!y uao J like that of tho kangaroo, to BOpport Iho 
body whan tho animal raised op its anterior extremilies. It is supposed by 
Mr. Oiven that tho peculiar strueturo of tliis animal adapted it, first &ff dig- 
ging around trees, and tlion, rostiiig upon tlie Iripod base of its hind legs and 
tail, It seised the trunk witli its &ro legs, and rocked it to and fro until it was 
prostrated, and its leaves furnished fowl Ibr several days, perhaps. The' fcl- 
lowing sketch will give a good idea of this animal. (1%. 404.) The Scelido- 
therinm was an anulo;^ous anim:d not lai^cr tlian some of the exL-ting ant- 
eaters of So'ith America, hut willi excessively lal^ hind tegs. These ani- 
mals are jjl called M^atberoide, because Ihey resemble the Megatherium. 

ifegalonyx, — This animal was Erst described by Thomas Jefferson. It 
was fiiuiid in tlie nitre caverns of Vii^nia and Kentucky, and has since been 
discovered in other places. It was ol' the size of the ox, and appears to have 
been nearly relateil to the doth. 

Aa a contrast to the gigantic animals above described, yre oiKrht to mention 
those microscopic organisms that liave gone by the name of Infusoria. The 
opinion seems to be paining ground that the lai^rpart of them are vege- 
tables; but tlie astonishing facts as to tlieir minuteness and rapid increase^ 
as diacovered by Ehrenberg, the great master of the microscope, still remain 
true. Thef occur moat abundantly in very recent deports, Ibnuing beds be- 
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neath the black mud and peat in swamps, But they form n part alao of bog 
iron cxjlire. now forming from water, aad also in flint and semi-opal. Tliey 
make up most of the polishing slate of the tertiary strata, as at Bilin ia Bo- 
hemia, and Richmond in Virginia. Of that from B.lin a xingle cubic inch 
contains 41,000 lOilliOD siieletoiia. yat tlie deposit ia fourteen ft^et tbiuk, and 
ti^iclier still at Bii^moad. A cubifl inch fro<n a, deposit at Maidstone, Ver- 
mont, contains, according to Pro£ Bailey, 16,000 milliou slteletona. A cubic 
inch of ochre sometimes coiitdina a liitlion of skeletons. 

The smallest aoimalcule a only tiie 34.UODtit part of an inch in size, and 
3 single shield v/eig\33 only 181 millionth part of a grain. 500 milKous of 
them could live in a drop of wafer. Their increase ia praJipous. An indi- 
vidual of the Hydatina fenta in ten days iacreasi-d to 1,000,000 ; on tlie 
eivTi-nth day to 4,000.000. and on the twelfth to 16,000,000. Another in four 
days increased to 170 billions. 

Of rfifbty fossi! spef ies of these skeletons, Ehtenbeiit fonnd half to belong 
to extinct species. Illiey abound in the chalk and are alt marine ; but tliosa 
in newer deposits are all freah-waler ortjanismi. F>^. 406 ropresenls a micro- 
scopic view of some of these organisms of tho family Bacdliaria, which are 
probably v^etables. 

Fossil Man.— -From the noast of Gnadaloupe two specimens of 
hnman RkeKitona have been obtained in eolid roolt, ono of which 
is in the British Mnaeuin and the other in the Royal Cabinet in 
Paris, The roi:!; is a quite hard limpstone, made up of minnto 
fragments of shells and corals, ground down by tlic wavea and 
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e places most frequently left dry by the 
waves. Such accumulationa are common in the Antilles, and in 
them sometimes fragments of vessels and human workmanship 
are found at a depth of twenty feet These bones still retain all 



their phosphate of Hme and s: 

suppose them to be 

that they are the 

tlo on this spot in 1710. 

Whether these he fossil 
which we give to the term 

in the last Section (a body buried by natural causes in the earth) 
they are distinetly fossil. But those who suppose the body must 
have been bnried in the earth " in a state different from the nor- 
mal and actaal conditions of existence," would exclude them. 
We give, in Fig. 405, a sketch of the specimen in the British 



of their animal matter. Some 

of shipwrecked persons, others 

ribs and Gallibis, who had a bat- 

n will depend upon the meaning 
sil. According to our definition 



Many other examples of the bones or works of man have been 
described of iate years, so deeply buried in the earth, or so con- 
nected with the relics of estinct animals, that some have concluded, 
not only that they are fossil, but of the same age as the estinct 
mastodons, rhinoceroses and hippopotami. Such examples often 
occur in caverns, buried beneath mud and stalagmite, as they are 
found in Greece, the south of France, Belgium, the Suabian Alps, 
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and in Brazil. In these cases tlio bonci 
botli of man and the animals arc usually 
separated from one another, so that 
DO whole skeletons exist, and often tlie 
human remains are found only in. the 
upper part of the deposits. 

We should call those relics fossils, 
But several difficult questions must ha 
settled before we can say confidently 
that they were not introduced into 
these caverns suhsequent to that of 
the extinct species. For often such 
ivcrns, in rude times and in days of 
I persecution, were inhabited by men, 
who buried their dead there. Again, 
camivorouK animals often dragged in 
j there for food the bones of other ani- 
mals. Streams, also, have sometimes, 
I especiallyin time offlood,driftedhoiies 
is well as other things into the caverns, 
t anddeposited them promiscuously, and 
sometimes earthquakes have changed 
Fossil Man. ^jjg originnl levels and mixed together 

drift and alluvial deposits. It is a reasonable conclusion, then, as 
Sir Charles Lyell remarks, that " it is not on the evidence of such 
intermixtures that we ought readily to admit, either the high an- 
tiquity of the human race, or the recent date of certain lost spe- 
cies of quadrupeds." 

Appeal has also been made to cases of hnman bones, arrow- 
Leads, pottery, etc., in alliivial deposits on the banks and at the 
mouths of rivers. These cases occur in the south of France, at 
the mouth of the Nile, at Natchez, on the Mississippi, etc. Cut 
here again we have many difiicaH questions to settle as to the rate 
at which river deposits are made, as to the changes in that rate, 
as to the power of heavy substances to sink through semi-plastic 
materials, etc., before we can bo certain that man was a cotempo- 
rary of very ancient extinct animals. 

The point of chief interest afiected by these investigations, is 
the question whether any of the facta conflict with the c 
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opinion tbat Adam was the earliest created human being. At all 
liniea great hasto has beea manifeateJ by some to make the facts 
Buatain the negative. But every geologist who fully understands 
the difficullJea of the subject, and recollects how many Rnalogoua 
facts, confidently relied upon in years past to prove the great an- 
tiquity of man, have been given up as unsatisfactory, will be very 
cautious in respect to new facts. The following positions seem to 
us capable of satisfactory proof : 

1. Man did not appear upon the globe till a very late epoch of 
the pleistocene or aliuviul period. 

2. It docs not show his pre-Adamic existence to admit that he 
is found jn a fossil state ; since, according to our views, a fijsail 
condition does not prove great ^e, 

3. Nor is that implied if we admit that his remains occur in 
what some geologists call drift, Tho true drift occurs only in high 
latitudes, and when men Bay that liuman bones in Egypt, the south 
of France, or at Natchez, are found in drift, they must mean modi- 
fied drift, or alluvium ; since no true drift is found in those places, 
and tlie ago of such drift remains to he proved, 

4. Nor are human relics necessarily pre-Adamic because they 
occur with those of extinct animaSs, For we have shown that not 
a few animals, some sixteen species of birds, and some quadrupeds, 
have become extinct within historic times. The great Cetacean 
called Stelleria seems lately to have disappeared, and the arctic 
buffalo (Ovibus moschatus) is on the point of extinction. But, 
says Owen, " fossil remains of Ovibus and Stelleria show that they 
wore cotemporaries of Elephas primigeniiis and Rhinoceros tich- 
orrhinus," Are we snre that the mastodon has not lived within 
historic times? The Ncwburgh specimen seems certainly quit* 
recent, 

5. If it should turn out that fossil men exist in deposits decidedly 
older than Adam, they may belong to extinct species, and there- 
fore not prove the pre-Adamic existence of the present race. 

C. The creation of man, along with a vast number of cotempo- 
rary species of a higher grade than the earth had before seen, 
and forming the culmination of organic existence on the globe, is 
tlie most remarkable fact of geological history, and marks off the 
alluvia! period from all others. 

7. This last creation is distJDgfiished from all that have pre- 
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ceded it oa the globe in, two respects : first, it presents by far tbe 
fullest and most perfect fauna and flora ; secondly, it was not 
preceded immediately by any anch violent catastropLes as in most 
other cases destroyed the existing races ; but in this case many 
species lived on, or were recreated. In the more delicate organi- 
zation and higher powers of the present races we can see why 
much previous preparation was necessary and catastrophes unde- 
sirable. 

Lithichrtoeoa. — It may seem incongruous h> danominate Iracka in mud and 
daj lithichnozoa, smca tlus torm msans slony-lrac/i animals ; but it is not 
more improper than to Ouil mud and marl rock. At any rate the tracks in 
mud and cUf are a complete counterpart of those in consolidated rocli ; eo 
[hat he who has seen the first, will no longer doubt as to the last. Dr. 
liuckland Srat destribed ^n 1341) the tracks of deer and oxen upon mud, 
beneath a bed of peat iu Pembrokeshire, England. Dr. A. A. Gould waatho 
firat to describe a tkmoua looaUty on the Bay of Fundy, where the tracks of 
birds are preserved iu great perfection. We have founij, and one of ua long 
ago described, a large variety of tracks with rain dropa on the clay at Had- 
iey, in Ma^aehasatts, on the banks of Connecticut river. Tig. 40 J shows the 
tracks of a snipe with ruJn drops on that Hadley day. 
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or lege on the side less delicate than in the original. It shows also a frog's 

On Fig. 409 weliaTO the addition of a man's traclis to tliosa of a bird, prob- 
ably of a crow, and rain drops. TLia shows ua tliat liud man lived in aaud- 
Etone dajs, I1I3 tracks would probably be found with those of other animals. 




almost 
1857). 



iogi 



The following Table is an abstract of the catalogue of fossil ar 
Juke's able Manual of Geology (London, 1857). Tla deriTt 
itirely from Pictet's Jhtile de Pokoniohgie, etc (Paris, 185 
otet does not profess to give a complete list of the species, but notices only 
e most unpoHant. Ilonco this Table contains only 20,299, whereas the 
the last edition of our work, taken from Bronn's Index Pakeonto- 
24,397, in 1349; and doubtless many thousands have been 



But Pictet's 



gives a more recent and better vi 



of the present distribution of the fosals, and therefore t 
explau^ion. 

In Juke's catalogue wo found quite a number of species referred to the 
Silurian formatiou without distinguishing between the Upper and Lower 
Silurian. la auch a case we divided the number cq^ually Vietweea these groups, 
as, for instance, 33 Trilobite^ 14 lichinoderms, 6G Conehifera, 29 Cepha- 
lophora, 4 Eugosa, and 14 Zointharia. So in the t;rljary, several species 
are giveu, and the particular diviaon of that formation is not specified. Thus, 
67 Bperaes of Cnuitacea were divided equally aTQong the Eocene, Miocene, 
aud Pliocene groups; also 96 Cephalophora, 387 Conehifera, 19 Bryozoa, 
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6 Zoantbaria, and 4 ForaminirHra. This is Tery noaatisfaetorr ; but IheEo 
Eumbera can eaaHj be deducted from those ^ven in the Table, if any one 
pleaaea. 

"We have made do changea in the number given by Jukes, save in a very 
few caaea, where some interesting apedea have been quite recently discovered. 
Wb have, however, annexed to the Table a group of animala, not yet thought 
lobe determined with sufficient certainty to be placed in the divisions to 
which they belong, if there is no mistake aa to their nature. These are the 
Lithkhnowa, or animals known only by their tracks. We believe that in 
many inataocea a track furnishes quite as good a means of determining the 
character of an estinct animal, as the imperfect fragmenta of their akele- 
tons from which their nature haa been mferred. But paheontolo^ats are rea- 
sonably slow iu admitting any new principles, and therelbre let thia group 
stand by itseli; and pass for aa much as it is worth. The enumeration which 
we give must of courae be very imperfect ; yet it is interesting io see that 
there is scarcely a formation that has not idready ila Ichnology. Professor 
Owen haa fully installed this branch of Palseotilokigy into its proper place 
in his aimirablo morit on Palieoiilology, lk.m the Encyclopedia Britannica, 
Eighth Edition, and there ia the best aocouut of Ichnology aa a whole wliicli 

TJnger in his work on Palseophytology haa . 

ealJmate of the genera and species of fossil pis. „__ 

divi^na of Dicotyledons, Monocotyledons, and Aootyledona 
Dicotyledons. fflmera. 

Thalamiflors!, 21 . 

CalyciBor^ 06 . . 

CoroUiaorse, 23 . 

Monochlamydesc Angiospermffi, , 48 . . 

Gymnospcnme, , . 56 . 

Mmocotytedons. 

Diotyogenie 2 . . 

PetaloideK, 36 

Glunufene, 6 . . 

Acotyledons. 

Tliallogena^ .... 

Aorogena!, .... 
Doubtful, 



These are distributed through the rocks ! 
Cambrian, Silurian and Devonian, 



Permian, 

Uagne^n Limestone, 

Triaa or Upper New Rod Sandstone, 

Tria.s, Shell Limestone, . 

Trias, Variegpted Marls, 

Upper Middle and Lower Oolite, . 



o.led by Google 



Brought forwarJ 12G2 

"tVealdqn, ■ Si 

Green Sand and Chalt, 122 

Eocene, . • 414 

Miocene, 49G 

Pliocenfi, 35 

Pleistocene, 31 



Fossil Spodaa, 242L 



SECTION" III. 



JAINS tlAVJS JJ3KN DISTEIBUTH), 

We liave seen in the last Section tliat tlio aniraaU and plants 
liaFe experienced great changes, as we have briefly reviewed them 
in their several formations. We now proceed to point out the 
laws hy which these changes have been regulated. For, however 
irregular and capricious the operations of nature may seem "to 
superficial observation, we find that wise and harmonious laws are 
always concerned. 

First Law. — Species of animals and plants have had a Umiled 
duration, rarely extending from one formation into another. 
We applj tbo word species in fossils just as we do in living oninmts and 
plants. A numljer of species closely rolited conadtuto a genus ; a number 
of genera, having certain common cliaractera, form an Order: several orders a 
Cla^ and severtd classes a Province, or Sub-biiujduni, or Kingdom. 

Now it is of the species ooly that we speak under this law. The larger 
divisions, genera, orders and classes, do extend through more or less of the 
formations; but in nearly all cases the species become extinct at tlte close of 
tiie great periods pointed out in previous pages of this worli. Some distin- 
guisbcd naturalists, if we undersbuid them, as Agassiz and D'Orbigny, are of 
opinion tbat there are no exceptions. Evan the tertiary epoeies they regard 
aaeitinct; but how far they would extend this view into tlie post-tertiary, 
we do not know. " Tlie number of species still considered identical m sev- 
eral Buccossive periods," says Agasaiii, "is growing smaller and smaller, in 
proportion as they are more closely compared." Hence he rcEiaonably infers 
that probabiy all will be found unlike. Professor Bronn thinlis.that species 
sometimes pass not only into a second but into a tliird formation, and others 
slate, as we have mentioned, that some living species of foraminifera began 
their existence as low lioivn as the oolite. According to Bronn, out or2,055 
species of plants, 12 pass into other formations; and of 24,366 animals, 3,322 
pass out of the rooks where they are most abundant. So that each species 
had an average duratjon of 1,12 of a formation. In respect to tlio rocks 
below the lertiarj, all would ajree tliat tho law has eciitcciy an exception, 
IG 
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s stated above, tliey will doubtless diminish upon i 



md Law, — With ike excepllon above namedj ilie fossil spe- 
ies have alt perished. 



Third Law, — " The duration of types and species as a general 
rule, is usually proportioned to rank and intelligence. The most 
kiffhlij organised fossils have the smallest range" — i^Owen.) 

The ereat lizards of tlie Jurassic Ecries, the mamuiala of the tertiaiy, and 
espGci.iilj' man, are exa[apli>s of this law. 

Bj a type wa mean a set of characters hy nhii^h agenue^ artaraxly, or gctnrp 
U distingulHlied lh>m all others. It is the model or pattern oo which such 
groups ara furfned. Thus the home &mi]y, the cat tkmilj, the ostrich Eimllv, 
the pigeon family, have certain characierlatioa by which we know them, 
though sometimes difficult to describe ; and it is found that many of these 
types have gradually changed. This law declares that these types have the 
shortest dura^oa among the Mgfaer tribes. 

Fourih Law. — Each type of organism has had but one term of 

unintoiTupted existence, and sometimes has extended only through 

part of a formation. 

There are soma seeming exceptions to this law ; as for instance the appear- 
ance of the marsupii)! animals in the trias and oolite, and then their failure 
in the chalk and tertiary, and reappearance in the alluvial. But the proba- 
bility is tb:it they existed daring these intermediate periods, since they are 
found in the pleistocene, of Australia. 

Among the animals extending through a part of a formation, wo may 
mention such us ttie MastMon, Elephant, Dinotherium, Zeuglodcu, and Muu, 
which ara founJ only In parts of the tertiary and alluvial. 

E'f/h Law. — Mosl of the great Sub-Kingdoms of animals and 
plants, two thirds of the classes and nearli/ half the orders, and 
a few of the genera .extend through all the formations. 

The only excoplion in respect fn the sub-kingdoms, is, that vertebrate ani- 
mals .ire not found in tlie Lower Silurian, and no deeper in the Upper Silurian 
than the lower Ludlow Book; and flowering plants are not found lower than the 
Devonian, where Hugh Miller has detected coniferous trees in the lower Old 
Red Sandstone of Scotland. But periiaps in considering this subject we ought 
to have reference to a palfeontological classiScation, rather than one rounded 
partly on litholosnoal characters, and this would bring all the sub-kinfcdoms 
iiito tho lowest lilb period, which reaches as high as the top of the Permian. 

It will be seen by referring to the Table of Organic Eemains, which we 
have presented at the end of the last Section, that while many of the classes 
and orders of tlie less parfect animal? and plants eitend through all tlio 
formatons, those of the higher vertebrate typo rarely reach through the whole 
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Beries. The number of orders haa tnoro than doubled since the earliest times, 
so that more t)iau half do not reach tbrouK-h ail the strata. 

In the Palffiozoie forroaUons tiiero were . . . . 31 

Iq the Triaasic Period 21 

In the .Jurassic 41 

In the Cretsocous 41 

Iq tU^ Tertiary 71 

Much fewer ia the number of genera tliat liavo survived ail tiie clianf^ea 
which the globe has undeT^uc. Tlio followiDK statement by D'Orbignj" 
showB strikingly how great have been the ciiaugea of the organic world. It 
ia ccHiSned lo atumals ; 

Number of living genera of animala, .... 1324 

Number of fossil genera, 145T 

Of these there yet live, 539 

Have become extjpet 933 

Have survived all eliangea, only 16 

All of th^e surviving verierabls genera belong to the different families of 
MoUusoB, while of all tiie otlier animals not a genna has been extended 
through all past periods. 

Sixth Late. — Complexity and perfection of organuation as well as 
intelliijence increase as we ascend in ike rocks. 
This Is true as a general fact ; but in particular tribes we find the reverse, 
■viz., retrogradation ftom a lower to higher condition. " All our most ancient 
foaail fishes," says Professor Sedgwick, " belong to a high oi^anic type ; and 
the very oldest species that are well determined, tali naturally into au order 
of fishes whicli Oweu and Miller place, not at the bottuui, but at the top oT 
the wliolo class." Says Hugh Miller, " in the imposing programme of crea- 
tion, it was arranged as a general rule, Uiat in each of the great divisions of 
the procesaon, the ms^nates should walk first. We recognize yet further the 
fact of degradation socially exetaplifled in the fish and tlae reptile." " The 
Cephaiopods, the most perfect of the mollosca, which lived in the early period 
of the world," says D'Orbigny, "show a progress of degradatioi ' ' " 
generic forms. The molluscs as to their classes have oertamlyre.. 
from the compound to the simple, or from the more to the less simple.' 

Such stalemeDia are not ineoosisteot with the law we have stated above ; 
for there may be upward progress by iho introduction of higher and higher 
forma of liib, while some of the groups may suffer deterioration, as seems to 
have been the case. A' simple inspection of Iho tabular view we have given 
of oiTfaijio remains will sliow how strong is the evidence of progress. The 
only way to escape the inference is to say that higher forms may yet be dis- 
covered in the lower rocks. But this is a point of so much imjiortance in 
its hearings upon certain hypotheses that wo shall recur to it again in the 
next Section. 

More impressively to exhibit these lacls and to show (o the eye the periods 
when the most important races came upon the globe, we copy Fig. 409 from 
Professor Owen. We shall have occasmu to refer to it again in another coiI> 

Seventh Law. Particular classes, orders, and genera, as well as 
whole faunas cmd floras, have had their periods of expansion, 
culmination, diminution, and sometimes extinction, 

IB £icts in respect to the or- 
is indicate the periods of their 
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commeowmetit, cipandon, diminution, and exijnction. Tlie Chelonia, Lacer- 
tilia, Ophidia, and some of tlie Batrachia, are ebovn aa nn tite increa^ at the 
commencement of the alluvial poriod ; while the Crooodiles and some of tho 
Batrachia then nearly died out Several of the orders hecame extinct at the 
close of the cretaceous period. 
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JHatrSmtion ef RfpUJes. 

Indeed, Prof. Owen says that " !lie class of reptiles, unlike tlmt of fishes, 
is now on the wane; and that the period when Replilia flourished under the 
greatest diversity of forms, witli the highest grade of structure, and of the 
moat colossal size, is the mesoajie." 

D'Orbigny finds that of seventy-seven orders of fossil animals fourteen havo 
decreased in the number of their genera sinca tlieir first appearance, and 
sisty-four have int^reaaed. These aro distributed as foEows : 



lac: 



ising. 



Radiated animals .... 

Molluscs 4 lU 

Annelida 1 18 

Tertobral kingdom B 23 

Of these decreasing orders six are found in the palseoicrfo rocks, m., the 
Placoid and Ganoid Pishes, the Trtlobites, a part of tlie Cephalopod and 
Brachiopod Molluaoa, and the fixed Crinoids. In the Jurassic series occur the 
Saurian Reptiles and the free Crinoids, In the Cretaceous scries, two families 
of Molluscs, one of Foraminiferfe and one of Amorphozoa. In Ihe tertiary 
series are the Edentate and Pachydermatous Mammals. 

The greatest expanwon of particular and peculiar Paunns and Floras has 
been empbyed to characterize certain periods. Thus the Pateoi^rac Period 
lisB been called by the botanists the Reign of Acmgrns, because tlist tribe rf 
plants tlien predominated ; the Mesozmo Period, the ReiRu of G.ymnospemis ; 
and the Tertiary Period, embracing also the living plants, the Eelgu of An- 
giosperms. In respect to animals, the Paleeozoic Period has been called the 
Reign of Fishes, the Mosozoic the Keign of Reptiles, and the Tertiary the 
Beign of Mammals. 
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Eighth Law. The older the rock the more unlike the existing 
fauna and Jlora are tke fossil animals and plants. 

If we corapn-re the planla and shells of the tertiary with those now living, 
a casual observer would see but little diEfereoce. But let the succeiffiiva 
groups iu tlia lower rooks be brought into comparison, and tiio naturalist 
would be obliged to ibrui new genera and ordera for their reception. Still 
more rapidly do tlie forms of the higher animala anil pLuits doviato from en- 
iating types sa we descend. 

There are some exceptions lo this statement ; for some forma aro wonder- 
Mly persialent. Take, for esiample, the ammonile aud nautilus ; how much 
like the lirinjE nautilus 1 So the lerebratulid^ living and extinct are closoly 
rolated. So in the tertiary, although the Dinotherium, the Palfeothcriui::, 
the Zuuglodoo, et4x, are quite uuhke living ibrms, yet in the same formation 
certain small mammifers con hardly be distiuguished tiara those living. 
Ninth Law. The fossil faunas and fioras were, for Ike most part, 

of a tropical character^ whatever he the present climate where 

they are found. 

Bven tho tertiary plants imd animals agree, for the most part, with those 
of intertropical regions better than those of temperate regions; aud it was es- 
Hentially the same even in post-tertiaiy days, when Eurcpo and tho United 
States were filled with elephants, rhlnoeeroMS, lions, tigers, hyenas, etc., 
though the hair and wool of the Siijerian fossil elephant indicito a colder re- 
gion than the inlertropical ; but unless warmer ttian that at present along 
the shores of the Arctic Ocean, so many of these huge animals could not 
have sub^sted as are found buried there. 

As WB go deeper into the rocks the evidences of a former tropical, or even 
ultra tropical cumate, multiply. The coal formation especially, wliicii has 
been traced beyond Uelville Island in K. latitude TS", ia decidedly aud strik- 
ingly tropical everywhere. Tho old' fossil corals found over equally wide arc- 
tic regions— at Melville Island, for instance— tell the same story. And so 
do the numoroui and sometiuies g'^antlc cliambered shells so widely diffused. 

Some EiCta s^ie.a to indicata an occasioual nlCemation of a colder with tho 
tropical ohoiatB, al uii earlier data than drill, when wo know that in northern 
re^ioi'S there waa a glacial psrioJ. Kmilar tempQrary ieducifona of t!io fcTi- 
peraturo m^iy h:(v3 taken phica enrlier. But these cases do not invalidate the 
general law of the provalenoe (^ a tropical climate. 

Even in thu Pleistoeeno PorioJ, " Grand, indeed," says an English natural- 
ist, " waa ttie tauua of the British Islands. Tigers as lar^ again as the big- 
gest Asiatic spscies, lurked in the anraent thickets ; elephants of nearly twice 
tiie bulk of tlie largest individuals that now exist in Africa or Ceylon roamed 
in herds; at least two spedes of rhinoceros forced their way through the 
primeval r>»*est, and tha lakes and rivers were tenanted by hippopotami as 
bulky and with as great tusks as tlvose of Africa." To these he might have 
added tha great cava bear and cave hyena, two species of huge oxen, and an 
elk ten feet and Evir inches high. 
Tenth Law. In the dislributiort of speoiVs in the ancient faunas 

and fioras, they had a much qreater ranr/e than at present, while 

in the newer ro k tletr limits d fferei h it I III fron x st ng 

zoological and hotant al / ro tnce^ 

In the paliEOZO strata an mala and plinta hive a arkn, resemblance 
over almost the w h 3I0 globe As we asc nd d vers v ncr ases vhea we 
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compare Bpedea tosether From widsly aepiratsd localities ; an'l of t'la mam- 
malia in tlie tertiary and post-tertiary, ProE Owen says, "particular forms 
were assigned to particular provinosa, aad the same forms wore restricted to 
tUe same prorlnces at a former geulc^cal perioil as the^ arc at the present 

if we only admit tlie bigll tomperatra'o of tho globo in. palsozoio dava, and 
that it has sinoa gradually decreased, the lacta above stated are just what wo 
should aspect. When a tropical climate eristed over the whole earth, tho 
same anirnala and plants essentially would be placed ou every part But as 
the temperature fell and the diversities of climate now existing came -on, the 
animals and plants would be gathered more and more into provinces, which 
would gradually approach to, and finally oulminata in tlio-a now existing, 

Eleventh Lam. The fossil animals and plants had the same gen- 
eral structure as those now on Ike earth, and their modes of liv- 
ing in both classes have been the same. 

Comparative anatomy has not found it necessary to frame any new law to 
embrace the relations of tho estinot to the livii^ races. Physiology, also, 
finds that these extinct races, although greatly differing in form from existing 
nature, were su^ined by the aame kinds of food which was digested by au- 
ali^us organs. They had the same senses; they breathed in the same 
modes; they wore reproduced in the same manner; they were carnivorous 
and herbivorous ; they suffered and onjoyedj and were subject, liiie the liv- 
ing species, to accident^ disease, and death. 

Twelfth Law. — " The phases of deuelopmettt of all living animals 
correspond to the, order of succession of tkeir extinct representor 
lives in past geologieal times." (^Agassiz.) 

This law represent!) the extinct adult animal as corresponding mora nearly 
with the embryonic than the adult state of its Yiviag representative. In the 
ancient world the individusil, though an adult^ did not pass beyond the pres- 
ent embryo state ; but among living species tho analogous animal passes on 
to a biglier state, or more complete development, 

Pictet thinks that this law is not applicatile to the whole animal kingdom, 
but lo certain groups. Agassiz, however, regards it " as a general facti very 
likely to be more fully illustrated as investigations cover a wider ground." 
To name a few examples, he regards the Trilobites embryonic types of En- 
tomostracea (a tribe of living cniataceans) ; the Oolitic Decapods embryonic 
Crabs; iho Z^uglodonts embryonic Sirenidje; and the Mastodonts embryonic 



Thirteenth Lam. — Many of the fossil animals had a combination 
of characters which among living animals are found only in 

several different types or classes. 

AgassiE Tory appropriately calls such types Prophetic Types. For they 
form the pattern of animals that were to appear afterward. It Is found that 
almost all the existing animals were thus typlQed by some characters that 
existed in the fossil animals. Tho facta show how completely the whole plaii 
of creation lay in the Divine Mind. We give afaweiaraples; 

■The Sauroid Fishes were true Sshes, yet they had some strongly marked 
reptilian cbmac^ra. " Tbe PJesiosauru^" sajs Buckland, " to the head of a 
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lizard uni&d fha toeth of a crocodile, a neck of euormous length resembling 
the bodj of a serpent ; a trunk and tail haviog ijic proportions of an onjinary 
quadruped; tlia riba of a cliameleon, and tlie paddles of a whale." The Ich- 
thfoaaurua, as ita- nama denotes, had a close affinitj to fishes. " lis general 
external figure," saya Owen, " must have been that of a huge predaloiy ab- 
dominal H^h, with a longer t^l and a amaller tail-fin ; scaleleas, moreover, 
and covered by a smooth, or finely wrinkled skin, analogous lo that of tha 
ivhale tribe." The Arch^oaaiirua seeraa to have been "a trauaitional type 
between the fish-like Bratoehia and the Jizarda and crocodiles." The Laby- 
rinthodonts were "repUles having tha essenHal bony characters of the Ba- 
tiaohia, but combining these with other bony characters of eroeodilea, lizardf, 
and franoid fishes." (Owen.) The Rhynchosaunas had a "lacerline slmc- 
ture leading towards Chelonia wid birds, which before were unknown." 
( Owen.) Tha Keynodontia were a race of " reptifiaa amimaSs once living in 
South Aftioo, presenting in the construction of their skull characters of the 
crocodile, the tortoise, and the lizard, coupled with the presence of a pair of 
huge sharp-pointed tusks, growing downwards, one from each aide of the 
npper jaw, like the tusks of the mammalian morse or walrus." (Oioen.) The 
PtoTodactyto, the most anomalous of ancient forms, had the head and neck 
of a bird, the mouth of a reptile, tha wings of a bal, and the body and tail of 
a quadruped. 

If more examples were wanted, iehnol<^y wonld furnish thom abundantly 
in such remarkable animals as tha Otozourn, Anomcepu?, Plesiomis, and Gi- 
gantitherium. 



FouTteenlh Li 

"We should espect this if there have 



Tkefossilfa 

number. 



the living species h 



^en several distinct creations ; and 
_n respect to quite a number of claasea it is proved by the fiicla in a most aat- 
isfeetory raanner; though we can not suppose that half the fossil species have 
yet been found, aad many sorts of animals and plants are too acrfl and ftail 
to be preserved. As to plants, so small is the number found fossil compared 
to thtrae now living, that we may perhaps doubt whether the angle flora now 
living is not more numerous than all those which have ever lived. 

The following table will show the proportion between the foaail and livmg 



J IGOO flowering ( 



Eehmod rmati 10 4 " 

Crustacea 2 93 

Fishea lb 741 

Eeptiles 13 180 

Bfds 332 11 

Mamn als 110 

He e we fin i 1 t B i t aes more zoot ytes, n oe t m 8 i 
seven t nes n ore ech noderms, five tnnea more fi hes, and t 
reptilea have bved a Ureat Bntam dnrmg geolog cal times tl 
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) mullQsca, 
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there. The atgament is irresistible to show Ihat many disfiact crcationa have 
occupied tlje surface aucceasively and passed away; oorroboratkis tlio aama 
concliisioB drawn from other facts. 

Fifteenth Law. — Contemporaneous species in ajiy one locullty, or 
in localities not distant from one another, have appeared and 
disappeared toother. 

Some liavo maintained that the fbrmntiona paas insenBibly into one anolhor, 
BO tliBt near the limits, tlie Ibssils of tbe two adjoining formationa are mixed 
together; and that aa iodividual speixes have died out, others bave taken 
their place. And it. is sometimes Uue, that tliere is no trenchant division 
between adjaceut fonnalions. Moreover speixes do sometimes become ex- 
tiuct^ aa we have shown elsewhere in respect to existing nature, though thers 
is not tbe slightest evideuco that these species, as they drop out, are replaced 
by new ones. But in the rocks the group of species that characteriao a 
formation in almost all cases, show themselves tt^thcr at the bottom, and 
continue to Uve together UU tbe close of the period, when oil disappear, and 
the new fitrm^ion that follows contains an entirely distinct group. So few 
are the esceptioas to tiiis distributjon of the species, that it must bo consid- 
ered as the geuorol law, aod the exceptions the result cf local and unusual 

Sixteenth Law. — N'um.erous and successive systems of life, all dif- 
ferent from one another, have accused ike- globe since it became 
habitable, 

Long ago Deshayea, a dl'^nguished naturalisli declared that "in surreying 
the entire series of Ibasil animal remains, he had discovered five great groups 
so COTopIetely independent that no species whatever is found in more than 
one of them." Addii^ the existing group, it makes six entire changes of in- 
habitants, which accords with the palceontological dassilication which we 
have ^ven, viz., the first reaching to the lop of the Permian ; the second 
embracing the lYias ; the third the Oolite ; the fourth the Chalk, and the 
fifth the Tertiaiy. 

But the ablest palsetjntologists of Iho present dny feci aa if this were a very 
inadequate view of the subject filling fer short of the number of changes in 
inhabitants which the earth has espe^ncnced Says the late eminent palieoo- 
lologist, M. Alcida D'Orbigny, " A first creation look place in the Silurian 
stage. After that was annihilated by «ome geological cause, and after a 
consideraUe time, a, second creation took place m the Devonian stage, and 
Bocce^Welj tmeaty sewn limes have dtelaicl creatutm t ^}eopted all the earlh 
With plants and ammuli, IbUowing each time some geological disturbance, 
which bod totally destroyed living nature Such is the certain but inconi- 
prehensible Ihet, which we are bound to state, without trying to pierce the. 
superhuman mystery that envelops it ' 

Seventeenth Law —AH the diversilies of orijunic life that have ap- 
peared on the qlobe uere only wise and necessary adaptations to 
its changing condition 
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nataro and habits of animaU and plants, suffering and death must hare been 
lUo Gonsequepce, as the liistoiy of osiating racea proves. 

But tbure is not tho Bligbtest evidence that any such effect followed the 
modiUiiation of Girma. Peculiar as they oilen Were, tlicy aaom to hare been 
wisely prepared to subaervo the waats aud happiness of the species, nor was 
Ufa thereby sliorlened. 

Eighteenth Law. — All the minor systems of life that have ap- 
peared, were but harmonious parts of one all-comprehending 
system of organization, whose culmination teewititess in existing 
nature. 

Diverse aS the different floras and faunas are in the different creations, they 
are all embraced in the same system of claaailication, which groufis together 
existing organisms. They liave all had aimilar oi^ns and similar sensea, 
liava been both carnivorous and herbivorous, have had the same relatione (o 
light and heat as at present Nowhere do we Qnd different and antagonistia 
syslfima, but ail the wide diversities of structure and habit ooaleace into one 
liarmonious whole; showing that the complicated and numberless details, 
stretching over almost interminable ages, were bat the development of the 
vast plan of creation in the Divine Mind. 



SECTION IV. 

INFERENCES FROM rAL^OSTOLOGY, IS^ CONNHCTIOS' WITH 
DYNAMICAL GEOLOGY. 

Inference 1, TAe present continents of the globe {except, perhaps, 

some high mountains) have been for long periods beneath the 

ocean, and have been subsequentlg elevated. 

Proof 1. Two thirds at lead of these continenta are covered with rocks, 
often several thousand feet thick, abounding in marineoi^nic remains; which 
must have been quietly deposited, along with the sand, mud, and calcareous 
or ferruginous matter in which tliey are enveloped, and which could have 
accumulated but slowly. 2. Some veiybigh mountaina contain marine fossils 
at or near their summits. For example, there are marine slieila of cretaceous 
age upon the tops of the Pyrenees ; cretaceous and tertiary fossils upon tho 
summila of tho Rocky Mountains, and foraminifera of cretaceous age high 
up on the flanks of Mt. Lelianon. 

TliB amount of land above the ocean has varied in every period of tho 
earth's history, and it may bo that large tracts, now submergwl, once were 
important theatres of tarreatrial life. 

Inference 2. The periods of repose between calaMro^ihcs have been 

Proof I. Catastrophes are indioalfld by unconformability of the strata, 
or a great change in the character of the deposits. 2. Catastropiies havo 
been comparatively infi^ueol, while deposition has always continued slowly 
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to bnild up formationB. For eiample, several thoiisanil ftet of strata wera 
deposited daritig the Lower Silurian period, between two catastrophes. The 
periods of diaturbance must have been very short, and the interval of repose 
very long. 3. Tiie deposits appear generally not to have been disturbed by 
any elevating force while in a state of formation, as this would have changed 
the character of the cranio ramuins. 

There are inatancea where there seems to hare been a quiet, gradual ele- 
Tation for an immenae period, without cataatrophes. But olten this elevetion 
has been sudden and very great Some single local dislocations are of en- 
otmouHsizB, amounting to 3,000 or 4,000 feet; as in the Pemne region of 
the north of Eat^land ; and it is diffictilt to conceive how such faulta eonld 
have reaultad from a snccesaion of miaor forcea acting through long intervals. 

Inference 3. Catastrophes have generally corresponded to ckanget 

in fossils. 

Elie deUeaamont has long maintained that the changes in the zoological 
and botanical characters of the formations correspond in general to the epochs 
of elevation; that is, llie period of elevation seems to have been the time for 
the destrucdon of one grgup of organic racea and the introduction of new 
Bpeeiea. The progress of Pal»ontok^y lends greatly to increase the number 
of distinct aystsms of life, and it ni.iy not be possible in all cases to find evi- 
dence of any groat geolt^cal disturbance at tho doss of all tho life pcrioda. 
Yet D'Orbigny, who oouteuds for tlio largest number of theae, still maintains, 
b; a course of strong arguments, that the (aaoaa and floras have all been de- 
stroyed by catastrophes, such as the sudden elevation of tnountaiDS, tliough 
they may have takea place at a distance, and the destruction may have re- 
Eulled front the great inundaliDg waves that spread far and wide from the 
center of disturbance. He believes, also, in the existence generally of a loi^ 
interval between tho dostruction of one group and the creation of a new 
one. " We can not then explain," says ho, " tha an nihil ;vtion of all the feunaa 
which have sncceeded each other twenty-seven time.^ but by powerful geo- 
logical disturbances. We have seen that whenever in past ages a dislocation 
of the crust has taken place, eapablo of effecting a displacement of the seas, 
the existing fauna haa been annihilated by the movement of the waters at tha 
points dislocated, and even in other points not dislocated." 

Theae deeidod views may need some modilicaWon when the wliole subject 
cf the disappearance of apeciea has been more fully studied. At present we 
know not liow to resist tbi evidenco adduced by D'Ctrbigny in bis Qmra 
Ekmetitaire de PaUdrdologie etde Geologie. 

Inference i. The whole period since life began on the globe hoi 
been immensely long. 

Proof 1. There must have been time enough for water to make deposi- 
tions more than ten miles in thicltneaa, by materials worn from previous rocks, 
and more or leaa commmuted. 2. Time enough, also to allow of hundreds 
of changes in the materials deposited: such changes as now require a. long 
period (or the production of one of them. 3. Time enough to allow of the 
growth and dissolution of auimals and pianta, often of microscopic littleness, 
sufBoient to constitute almost entire mountains by their remains. 4. Time 
enough to produce, by an extremely slow change of cUmate, the destruction 
of several nearly entire groups of organic beii^ For although sudden 
catastrophes may have somcljnies beea the the immediate cause of tlieir cs- 
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tinction, tbero ia reason to beliere tlial those catastrophes diJ not nsually 
hag^n, till such s. change had t^ken place in the physical condition of tho 
globe, as to render it no longer a, cetnfortable habitation for beii^ of Iheii 
or^nizatioD. 5. Time enough for erosions to have taken place in the rocks, 
ID an extremely slow manner, by aqueous and atmospheric agencies, on eo 
vast a scale that the deep cut tlJough which Miagara River runs, between 
Niagara FaJla^nd Lake Ontario, is but a moderate example of them. We 
must judge of Uie tune requisit* for these depoats by sunilar operations now 
in prt^rees ; and these are in general extremely slow. The lakes of Scotland, 
for instance, do not s)ioal at the rate of more than six inches in a century. 

06i". 1. The rapid manner in which some deposits are formed at the pres- 
ent day; e. g., in the Jake of Geneva, where, within the last 800 years, 
the Rhone has formed a delta two miles long and 600 feet in thickness. 

Ans. Such examples are merely eioeptions to tlie general law, that rivers, 
lakes, and the ocean are filling up with extreme slownesa. Hence such cases 
show only that in ancient times ock * 1 h been deposiljsd over lim- 
ited areas in a rapid manner; lb ow that such, was generally 
the case. 

O/y, 3. Large trunks of tre fr m tw to wsty feet long, have some- 
Kmcs been found in the rocks, tr- g trafa perpendicularly or ob- 

liquely; and standing appare liginally grew. Now we 

know that wood can not resis dm a groat length of time, and 

therefore the strata around th se runks m e accumulated very rapidly ; 

and hence the strata generally y pidly formed. 

Anx. Admitting that the strata enclosing these trunks were rapidly do- 
posited, it might have been only such a case as is described in the first ob- 
jection. But sometimes these trunks may have been drilled into a lake or 
pond, whore a doop deposit* of mnd had been slowly ajBumulating, which re- 
mained BO soft, that the heaviest part of the trunks, that is, their lower ex- 
tremity, sunk to the bottom by their gravity, and thus brought the trunks 
into an erect portion. Or suppose a forest sunk by some convule-ion, how 
rapidly might deposits be accumulated around them, were the hver a turbu- 
lent one, proceeding from a mountainous region, 

01^. 3. All the causes producing rocks may have operated In ancient times 
witll vastly more intensity than at present. 

Ans. This, if admitted, might explain tJie mere accumulation of materials 
to form rocks. But it would not account for the vast number of changes 
which took place in their mineral and organic characters ; which could have 
taken place, without a miracle, otily during vast periods of time. 

Olij. i. The fossilifjroos rocks might have been created, just as we find 
them, by the fiat of the Almighty, in a moment of tine. 

jIm. The poEsibihty of such an event is admitted ; but the probability is 
denied. If we admit that organic remains IVom the unchanged elephants 
and rhinoceroses, of Siberia, to the perfectly petrified trilobites and terebratiilM 
of the Palaeozoic stratn, were never living animals, we give up tbe whole 
groundwork of analogical reasoning ; and the whole of physical science falls 
to the ground. But itis useless formally to answer an objection which would 
never be advanced by any man, who had ever examined even a cabinet col- 
lectioQ of organic remains. 

lafermee 5. — Tkeperiod before life appeared, was also immensely 
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Tocfcs, which must have required aa immBoae psriod for Uieir formation. 

2, Previoualj to the produotioQ of the Btratified rooks, the globe had cooled 
from an iucandescent state, at aa incoDceiFably slow rato. It is not anUkely 
that this period of time was greater than the whole of the (bssiliferoua era. 

3. If we admit the truth of the hypothesis that tha world was condensed 
from a gaseous to the liqnid stalo, we have another period previous to tjio 
existence of life immensely protracted, to cool the surface BuGioiently lo allow 
of the prosencB of water. 

inference 0. — The changes which the earth ha^s experienced, and 
the different species of organic beings that have appeared, were 

not the result of any power inherent in the laws of nature, hut 

of Special Divine creating pow^. 

The opposite hypothaaia, when fully atalcd, embraces three distinct 
blanches. The first supposes tlie present univerao to have been developed by 
the power of natural law from noljuloas matter, without any special Divine 
interposition, according to the views of tho eminent mathomatioian, La Place. 
This haa been called the cosmogony of the subject Tho second suppo^tion 
is, that certain laws, inherent in matter, are able of thamselvea to produce 
tJie lowest forma of life without special creating power. This forais tho 
Zoogony of the subject Tlie third supposition is, that in the lowest forms of 
organization thus pi-odueed, called monads, there exists an inherent tendency 
t*> improvemeni And thus from a mere mass of jelly vitahzed, higher and 
more oomphcatecl organic forms have been chminatod, until man at last was 
the result This called the Zoonomy of Uie subject 

- Tha supposed proof of this hypothesis is derived tl^m astronomy, phy- 
BJoiogy, galvanism, botany, aoology. and geology. But il is only the argument 
fkim Uie latter subject that can receive any attention in this work , V\ n th s 
hypothesis is liilly carried out, it is intended and adopted to vindicate a e □ 
When advocated by a professed believer in the Deity and even in re ation 
it is made to assume a much more attractive aspect. 

In &vor of this hypothesis of creatio-n, by laws, it has been argue 1, I Tti 
in the oldest fossiliferouS rocks we find chiefly the more eimple mve tebn e 
animals and flowerieas plants, and the more perfect ones came in g adually 
increasing in numbers and complexity of organization to tlie presen timo 
The lowest vertebrate animals wore fisli ; then reptiles eucceedi^, then b rd , 
then mammals, then man. Here we see the series gradually expanding, just 
as tliis theory requires. 3. There was probably a distinct itiips, or root, for 
each of the great classes of animals and plants, witli which i( started, from 
which the development proceeded along aa many great lines aa there are 
classes. This supposition shows wliy wo find representatives of all the 
classes in the lowest rooks. 

In answer to these ailments, and as proofe of the sixth inference, wo re- 
mark I. That in alt the more tjian 30,000 species of oi^anio remains dug 
from the rocks, they are just as distinct from one anoUier as existing species, 
nor is there the ^ghteat evidence of some having been developed from 
others. 2. The gradual introSilotion of higher races is perfectly explained 
by the ch»nging condition oTthe earth, which being adapted for more perfect 
races, Divine Wisdom introduced tliem. 3. For the moat part the new racps 
were introduced by groups, as the old ones died out in the same manner. 
The new groups were introduced at once; pointing clearly to creation rather 
than development 4. If anywhere, we ought to find evidence of develop- 
ment aud metamorphosis in tha human species. But so immeasurably is 
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man raised by hia moral and intellectual faculties ahore Ihe snimala nej:t 
below hiin in rank, that the idea of his gradual evoluliou from them ia ab- 
surd. Mao'a moral powers, for instance, which are his noTjlest distinction, do 
not enlist at all In the lower aoimala. Nothing but miraculous creation can 
explain the oxistenoe of mao. 6. The admission of a distinct stirps for eacb 
of Ihe classes, is a virtual abandonment of the whole hypothesis; lor it 
admits, for example, that a flowering plant and a vertebral animal commenced 
two of tliese series, although to reach such a height or organization, requires, 
by the same hypothesis, a transmutaOon through all Oio flowerless plants and 
invertebrate anioiais. 6. Then* ia decisive evidence that in many cases dur- 
ing the geological periods, animals, instead of ascending, descended on the 
scale of organization from the more to the lass perfect 7. Geology shows us 
that there was a time when o^anic life first appeared on the globe, and an 
indefinitely long period when no animals or plants existed. What gave the 
laws of nature the power, all at once, to start the new races 7 Why was not 
that power put forth earlier, or even from eternity, if the world existed from 
eternity ? In short, of all the sciences, geology affords the fewest facts to 
sustain this hypothec Ho other science presents us such repeated exam- 
ples of special miraculous intervention in nature. 

Jaference 7. Tfie ckanyes which have occurred on the globe, both 

orijaaic and Inorganic, have shown progress from, the lexs to the 

mori perfect. 

Proof 1. As the temperature of tlie inteHor of tbe earth is much higher 
than tiist of surrounding apace, by the laws of heat there must be a constant 
radiation of heat into space, and unless this can be proved to have proceeded 
in a cj'clc, of without end, — ^which can not he done, — the earth must have 
been constantly undergoing physical changes. If this process of refWgeralJon 
has been going on long enough, there must have been a time when the sur- 
face was too hot for any kind of organic beings to exist upon it. And when 
it became posMble tor some sorts to be placed upon it; it was still unadapted 
for those of complicated orgiinization. 1. Accordingly, we 8nd bat a few of 
the flowering plants, or of vertebral animals, in the lowest rocks and their 
number and perfection have for the most part increased from the firsts while 
the lower classes have mado but little prepress, and perhaps in some instances 
have retrograded. 3. The surfiute has been rendered capable of susl^ning beings 
of a higher organization in three modes; first, by the operation of aqueous 
and atmospheric agencies the quantity of soil has been increased ; secondly, 
animals and plants have eliminated Ume Ihim its more hidden combinations, 
and converted it into carbonate and sulphate ; thirdly, the surfece has reaclied 
a statical eonditioo, and the climate ia more congenial to such natures. 

Obj. Almost every year brings to fight in the rocks evidence of the exist- 
ence of more perfect animals and plants at an earlier date than had been 
known, and since the greater part of the earlier fossils are marine, perhaps the 
number of air-brealJiii^ vertebrate animals and eA flowering plants found 
among them, is almost as great as we ought to expect, even if tbe present 
condition of things has existed from the earliest Silurian periods. 

Am. It is true that one or two examples of Batrachians and Cheloniana 
have been found as low as the Devonian series, but not one in the vast forma- 
tions below, nor a single example of mammals till we rise to the trias; 
whereas in the tertiary we find 392 species of mammals, and in the alluvial 
358 species; and iimong existing animals 2,030 species; and a similar pro- 
dipoua iocreaae of more perfect forms exists m almost all other vertebral 
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tribes and vascular plants. WliUo, tliereforo, llio discovery of now and then 
a species of liiglier organization sliows that tlieir exiBtanee was possibla at 
the earlier periods, yet it will require a vast number of such discoveries to 
prove tlie proportioB between the more and the leas perfect to have been then 
And until that be proved, the evidence of progres^n rem^os un- 



Inference 8. The causes of geological change have varied in ia- 
tensity. There are two theories upon this subset. 

In his address before the Landoa Geological Society in 1851, Sir Charles 
Ljeli states what is called tlie uiiilbrmitarian hypothesis, as follows : — " That 
the ancient changes of the animate and inanimate world, of which we find 
memorials in the earth's crust, may be similar, both in kind and degree, to 
to those which are now in pr<^ress." 

Proof 1. It is agreed on all hands that the natnre of geological causes has 
been the same in all ages ; although even as late as tlio time of Giivier, ho 
SQja that " none of the agents nature now employs were sufficient for tlio 
production of her ancient works." 

2. An mdeftuite repeUtion of an i^ency on a limited scale, can produce tbo 
same effects as a paroxysmal eflbrt of tlie same agency, however powerliil ; 
provided the Ibrmer is able to produce any elTecC, as, for instance, in the ac- 
cumulalaoa of detritus, the elevation of contiBeotSj the dislocation of strata, 
etc. Now it is un philosophical to call in the aid of estraordinary agency, 
when ita ordinary operation is suffioient \a explain the phenomena. 

3. Nearly every variety of rock found in tlie crust of Uie glotie has been 
ehowD to be In the course cf formation by existiiw aqueous and ^eous 
agencies; audif a fi!W have not yet been detected in the process of tormation, 
it is probably boeause they are produced in places inai^cessible to observation. 

Tlie (^Bsile hypothesis admits that no caitsea of geological change different 
in their nature from those now in action, have ever operated on the gltri^e ; in 
other words, that the geohjgical processes now going on, are m all casi'S the 
antitypes of those which were formerly in operation ; but it maintains that 
the existmg causes operate now, in many cases, with less intensity than for- 

Proof I. The spheroidal figure of the earth, and other tacts already detailed, 
seem to render abnost certain the fbruier Unidity cf the globe. Now, whether 
iliat fluidity was aqueous or igneous, or both in part, it is certain that tho 
agencies which produced it must have operated in early times with vastly 
greater intensity than at tiiis day, and that their energy lias been constantly 
decrea^ng from that time lo the present 

2. Still more direct is the evidence fkim the character of organic remains 
in high latitudes, of tho prevalence of a temperature in eariy times hotter 
than tropktd ; too warm, indeed, to be explained by any supposed change 
of levels in tile dry land. And if this be admitted, beat must have been mora 
powerful In its operation than at present ; and this would increase the 
aqueous, atmospheric, and organic agendes of tliose times. 

3. No Bgency at present in operation, without a vast iiierea.TO of energy, 
is adequate to tho elevation, several thousand feet, of vast chains of moun- 
tains and continents, such as we know to have taken place in early times. A 
succession of elevations by earthquakes, repeated throua;h an hideflnite nimi- 
ber of ages, the vertical movemeiila lieing only a few feet at each recurrence, 
is a cause inadequate to the effect, if we admit that carthqaakes have ex- 
hibited their maximum enei^ within historic times. 



o.led by Google 



970 INTENSITY OP CAUSES. 

4. Tn a niajorilj of cases, the perioda of disturbance on the globe appear 
to have been short compared with the periods of repose that have intervened ; 
as is obvious from the fact that particular fbrmations have the same strike and 
dip tliroim;hout their whole extent ; unless some portions have been acted 
upon by more than one elavatory force ; and then we find a sndden change 
of strike and dip in the forraations above and below. Whereas, had any of 
the canses of elevation now in operation lilled up these formations by a repe- 
tition of Iheir liresent comparatively minute eflfects, there ought to be a grad- 
ual decrease in the dip from the bottom of the tbrmation upwards, and no 
sudden ciiange of dip between any two coaaeeutivo formations, unless some 
strata are wantii^. At the periods of these elevatory movementa, tliere- 
fbre, the force must have been greater than any that is now exerted, to pro- 
duce analogous elfeets. 

5. The sudden and remarkable changes in the organic contents of the strata, 
as we pass from one fonnalaon lo another, even when none of the regular 
strata are wanting, coincides exactly with the supposition of long perioda of 
repose, succeeded by destructive catastrophes. Nor is the supposition that 
species of animals and plants have become gradually extinct, and have been 
replaced by new species, by a law of nature during periods of repose, sus- 
tained by any facts that have occurred within the historic period : no exam- 
ple having been discovered of the creation of a new species by such a law ; 
and only a few examples of the extinction of a species. 

e. Upon the whole, were we to conflna our attention to the tertiary and 
alluvial strata, it might be possible to explain their phenomena by existing 
causes, operatii^ with their present intensity. But when we esaniine the 
secondary, palseozoic, and hypozoic rodts, we are forced to the conduaon 
that this hypothesis ia inadequat« ; and that wo roust udmit a far greater in- 
tensity in goological agencies in early times than at present. 

8. But the question here arises, how long a period shall wo assume as a 
measure of tlie intenaty of existing agencies 7 The most strenuous advocates 
of the doctrine of uniformity will admit of soma oscillation in the int«nKty of 
these agencies ; because a single year ahows it. How, then, shall wo deter- 
mine how wide that oscillation may be? In order to obtain liie average in- 
tensity, how can we say but that all geol<^cal cydea must be included ? To 
nake any parlj cutar portion of time the measure of all the rest, must be an 
arbitrary assumption. And, therefore, wa can not ascerl^n what is the 
slandard or the average of intensity ; and until this can be done, is tlje sub- 
ject considered under this head any tiling more than & controversy about 
words? 
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1. ILLUSTRATIONS OF NATUliAL RELIGION" FROM 'GEOLOGY. 

1. Gcolojy shows iis that the existing si/stem of things upon the 

globe had a beginning. 

Proof 1. Existing continents have been raised from the bottom 

of the sea, where most of their surface was formed by depositions. 

2. With a few exceptions, the existing races of animals and plants 
must have been created since the deposition of a!l the rocks except 
the alluvial, because their remains do not occur in the older rocks. 
Hence it appears that not only the present races of organic beings, 
but the land -which they iiihabit, are of comparatively modern 
production. 

Inf. I. Hence it is inferred that the existing races of animals 
and plants must hare resulted from the creative agency of the Su- 
preme Being ; for even if we admit that existing continents might 
have been brought into their present state by natural causes, the 
creation of an almost entirely new system of organic beings, could 
have resulted only from an exertion of an infinitely wise and pow- 
erful Being, Indeed, the bestowment of life must be regarded as 
the highest act of omnipotence. 

Inf. 2, Hence the doctrine which maintains that the operations 
of natnre have proceeded eternally as they now do, and that it is 
unnecessary to call in the agency of the Deity to explain natural 
phenomena, is shown to be erroneous. 

Inf. 3. The preceding inferences being admitted, natural theol- 
ogy need not labor to disprove the eternity of matter, since its 
eternal duration "might bo admittc<!, without affecting any import- 
ant doctrine. 

2, In all the conditions of the globe from the mrliest times, and in 
Ike structure of all the organic beings that have successively 
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peopled it, we find the same marks .of wise and benevolent adap- 
tation, as in exitting races, and a perfect unity of design extend- 
ing throajh every period of the loorld's history. 

Proof 1. Tbe anatomical structure of animals and planU was 
very different at different epochs ; but in all cases the change was 
fitted to adapt the species more perfectly to its peculiar condition, 

2. To comiiiunicato the greatest aggregate amount of happiness, 
is a leading object in the arraagementa of the present system of 
nature ; and it is clear from geology, that, tliia was the leading 
ohjett in all previous systems, 3. The existence of carnivorous 
races among existing trihes of animals tends to increase the aggre- 
gate of enjoyment, first, by the happiness which those races them- 
selves enjoy ; secondly, by the great reduction of the suffering 
which disease and gradual decay would produce, were they not 
prevented by sudden death ; and thirdly, by preventing any of the 
races from such an excessive multiplication as would exhaust their 
supply of food, and thus produce great suffering. Now, we find 
that carnivorons races always existed on the globe, showing a per- 
fect unity of design in this respect. Thus, when the chambered 
shells, so abundant in the secondary rocks, and which wero car- 
nivorous, became extinct at tlie commencement of the tertiary 
epoch, numerous univalve molluscs were created, which were car- 
nivorous ; although till that time these races had been herbivorous. 

Iif. From these statements we infer the absolute perfection, 
and especially the immutable wisdom of the Divine character. A 
minute examination of the works of creation as tliey now exist, 
discloses the infinite perfection of its Author, when they were 
brought into existence; and geology proves Uim to have been 
unchangeably the same, through the vast periods of past duration, 
which tliat science shows to have elapsed since the original form- 
ation of the matter of our earth. 

3. Geologg furnishes mang peculiar proofs of the Divine benevo- 
lence, so peculiar that they have sometimes been quoted in proof 
of penal inflictions. 

Moat of these proofs are derived from agencies whose immediate 
effects are destructive and desolating. Thus soils, which are little 
else than comminuted rocks, can not be prepared and spread over 
the valleys without long and powerful erosions by ice and water. 
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Btorms and inundaLioiis, glaciora aod icebergs. But thoiig'i some- 
times involving taen auc! auimals in destruction, yet wlio will 
doubt the bcuevolence of tlie opuiation? So the processes by 
which the various ores have been put int« tho earth's crust, liavc 
been accompanied by violent fracture and dislocation, and a somi- 
fusioft of most of tlio strata. How little like benevolence, also, to 
have seen the crust bent, crumpled and fractured, liere ridged 
into mountains, and there sunk into valleys. Yet without all this 
man never could have got aecesa to many of the useful minerals 
and rocks, water would have stagnated on the level surface, 
and the beautiful scenery of the globe would never liave been 
seen. In the fearful history of volcanoes and earthquakes, though 
full of scenes of appalling suffering, yet who knows how essen- 
tial they may be to preserve the balance of nature, and prevent 
the great furnace of heat within the earth from rending it to 
atoms? 

If any inquire why God couia not have secured the good witli- 
oiit the evil J it can only be said, this is a fallen world, where man 
requires tbo discipline of evil, and therefore it is mixed with all 
sublunary things, 

4. Geology furnishea interesting examples of what may he called 
prospective benevolence. 
By this is meant a special benevolent provision for the happi- 
ness of animals, made long before their existence. Tho following 

1. The vast amount of coal found in tJie earth is the result of 
long and slow processes in the ages far back towards the begin- 
ning. Vast forests, almost untenanted by animals, and seemingly 
of no use then, were buried beneath the soil and waters, and 
gradually changed into peat, brown coal, bituminous coal, and 
some of it into anthracite. What if this storehouse of fuel Lad 
not been laid up f Human society could not have advanced much 
beyond barbarism, nor have multiplied as it has done, 

2. Gold seems not to have been introduced into tbe rocks till 
just long enough before man's appearance to allow erosive agen- 
cies to collect it in the low spots, where man could obtain it. Be- 
fore man no animal needed it, but how great a blessing to man 1 
It does seem as if the time and manner of its introduction into 
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the eartli's crust pointed most unmistakably to man as an act of 
prospective lienevolence. 

3. It looks like the same benevolence that prepared by slow 
processes a richer soil to greet man than had ever before existed, 
and afford him nourishment. 

4, So, too, there is reason to suppose that certain miasni^, snch 
as an excess of carbonic acid, wera gradually removed from the 

e to adapt it to his health and happiness. 
'y proves repeated spemal divine interpositions, or miracles, 
in itature as well as special providences. 

A miracle is an event that can not be explained by the laws of 
nature, but takes plaeo in opposition to those laws or by their 
agency intensified or diminished. 

A special Providence is an event bronght about apparently by 
second causes, but those causes have been so arranged or modified 
by Divine agency out of sight, that some specific object is accom- 
plislied, which woaid not otherwise be effected. 

Geology abounds with examples of miracles and special provi- 
dences as thus defined. We know that the time was when no 
animal or plant lived on the globe, because it was a molten world. 
What but a miracle could have filled it with inhabitants ! "We 
know that in after ages whole races died out and new ones came 
in, so that numerous entire changes of population occurred, A 
miracle certainly was essential at each change — to create the new 
ones, if not to destroy tbe old races. Or if we set aside all these 
cases, we know that man was introduced among the latest of ani- 
mals ; and if hia creation was not a miracle, no event could be. 

80 the various circumstances mentioned under the last head as 
examples of prospective benevolence, all pointed through long 
ages so significantly to man, that true philosophy must regard 
themas arranged with special reference to him by the Deity, and 
are therefore indicative of special providence. 

Thus may we with confidence put down miracles and special 
providences as articles in the creed of natural religion, where 
they have not till lately been found. They of course take away 
all presumption against analogous doctrines in revelation. 

6. In spite of these evidences 0/ Divine benevolence, geology unites 
■with all other sciences, and with experience, in showing the world 
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to be in a fallen condition, and thai this condition was foreseen 

ami provided for, long before man's existence, so that he might 

find a world well adapted to a state o/ probation. 

Proof 1. It appears ihat the laws and operations of nature, 
have been the same, essentially, as at present in all ages. 2. That 
the same systems of sustenance, reproduction, and death, have 
always prevailed. 

Inf. 1, Hence it must always have been inipossiWe, in this 
world, to have avoided severe suffering ; e. g., pain and death. 

Jnf, 2. Hence it has never been a such a 'world as peifect 
benevolence would have prepared for perfectly holy and happy 
beings ; though benevolence has always so decidedly predominated 
in it, as to show it to be a world of probation and mercy, not of 
retribution, 

7, Geology enlarges our conceptions of the plans of the Deity. 

1. The prevailing opinion, nntil recently, limits the duration of 
the globe to man's brief existence, which extends backward and 
forward only a few thousand years. But geology teaches ns that 
this is only one of the nnits of a long series in its historj-. It 
develops a plan of the Deity respecting its preparation and use, 
grand in its outlines, and beautiful in its execution ; reaching far 
back into past eternity, and looking forward, perhaps indefinitely, 
into the future. 

2. E^ch successive change in the condition of the earth thns 
far, appears to have been an improved condition ; Ihat is, better 
adapted for natures more and more perfect and complicated. In 
its earliest habitable state, its soil must have been scanty and stei'- 
ile, and almost destitute of calcareous matter, except in the state 
of silicates, which plants decompose with difficulty. The surface, 
also, was but little elevated above the waters ; and of course the 
atmosphere must have been very damp ; though the temperature 
was very high. Every subsequent change appeara to have in- 
creased the quantity and fertility of tJio soil, the amount of the 
salts of lime and huraus, and the dryness of tlio atmosphere. 
Should another change occur, similar io those through which it 
Las already passed, we might expect the continents to be more 
fertile, and capable of supporting a denser population, 

3. It appeara that one of the grand means by which the plans 
of tJie Deity in respect to the material world are accomplished, is 
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constant cLauge ; partly mechanical, but cLiefly cliemical. In 
every part of our globe, on iSa surface, in its crust, and we -bare 
iTjiison to suppose, even in its Jeep iutcvJor, these ehangea are in 
constant pr<^ress ; and were tbey not, universal stagnation and 
death would be the result. We bave reason to snspeet, also, tlint 
changes analogous to those which the eaith has undei^ne, or is 
now undergoing, are taking place iu other worlds ; in the comets, 
the sun, the fixed stars and the planets. Iu short, geology has 
given us a glimpse of a great principle of imtability, by which the 
stability of the universe is secured ; and at the aanio time, all tliese 
movements and revolutions iu the foi'ms of matter essential to the 
existeneo of organic nature, are produced. Formerly the examples 
of decay so common everywhere, were regarded as defects in na- 
ture ; but they now appear to be an indication of wise and benevo- 
lent design ; — a part of the vast plans of the Deity for securing 
the stability and happiness of the u 



2. BBARINOS OF GEOLOOr UI 

Since many truths are common to natural and revealed religion, 
it is not easy to draw the line exactly between the bearings of 
geology upon these two departments of theology. 

Tliero are, too, some erroneous notions widely prevalent on the 
subject, which need to be corrected before a person can look at it 
in its true light. 

One is, that geologists in their writings have arrayed the facts 
of their science against revelation. But the fact is, that the whole 
range of geological literature scarcely furnishes an example of this 
sort from any geologist of distinction. Sneh attacks, when made, 
have come from mere sciolists in the science, or from men learned 
in other departments, but no geologists. 

Another is, that the bearings of geology upon religion arc those 
of conflict rather than of illustration and corroboration. The fact 
is, that most cases of supposed collision have turned out already 
to be mere illustration ; just as modern astronomy has sliown us how 
to understand certain passages of the Bible relating to the rising 
of t'lo sun and iinmohility of the. earth, so has geology cast sim- 
ilar light upon passages relating to the age of the world and I'lo 
introduction of evil. And although some few points may still have 
an aspect of collision, the reverse is almost univei'sally true ; and 
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we may now say that geology illustrates rather than opposes reve- 
lation. 

A third false notion is, that the principles of geolc^y are un- 
settled and constantly changing, and that in fact it is chiefly made 
up of ^ague and conflicting hypotheses. That there are in geol- 
ogy, as in other physical sciences, unsettled points and doubtful 
hypotheses, ia admitted. But its leading principles are as well 
sattled nearly as those of chemistry, astronomy, and physiology. 
Especially is it true that those principles which bear upon religion 
are rarely modified by new discoveries, but rather established more 

Hence we see how false is the position some professed friends 
of religion take, wlio say that the time has not yet come to at- 
tempt a reconciliation of geology and religion, and therefore they 
will believe the latter on the principle of faith, because the Cliurch 
does, and wait for further developments. Such a sort of belief, 
with philosophic minds, is nsually little else but covert infidelity, 
and instead of honoring, it dishonors religion, by admitting that 
as yet it can not be defended against the attacks of science. 

Hence, too, we see the error of maintaining, as some do, that 
geology ought not to bo allowed to modify at all our views of the 
meaning of Scripture, or any of its truths. For astronomy, chem- 
istry, and |Ayaiology, as well as civil history, have been allowed 
to mafce such modifications ; why should a like power he denied 
to geology, if its leading principles are settled! 

Different stand-points from which tojadi/e of tlie Religious 
Bearings of Geology. 

Three classes of men have written concerning the connection 
between geology and I'eligion. The first are professed believers in 
revelation ; but tliey do not suppose the Mosaic record to be in- 
spired and infallible as to history or science ; and hence they are 
not surprised to find discrepancies and absurdities in what they 
regai'd aa a mrth or fable of the creation got up by Moses to ac- 
complish some important purpose, hsit not inspired. 

The second class arc firm believers in the Bible, but r.ot in 
geology, which they consider so unreliable that it ought not to be 
taken into account at all in the interpretation of Scripture ; nay, 
they consider the science, as well as its teachers as really hostile 
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to Scripture, and therefore to b"e met by tlie most determined i 



The third class believe in the divine inspiration and authority 
of every part of the Bible ; but thoy admit also the great princi- 
ples of geology, and think the two records not only reconcilable, 
but that they cast mutual light upon each other, and that geology 
lends important aid to some of t]ie most important truths of reve- 
lation. 

With this last olaas our views eoincido entirely, and we regard 
it as useless ia this work to describe the theories by which the 
other classes attempt to sustain their views, since tho authority of 
the Bible is destroyed by the first, and the settled principles of 
science ignored by the second. The third is the stand-point which 
we shall occupy in enumerating t!ie most important illustrations 
and corroborations derived by revelation from geology. 

We think it is an error committed by some of the ablest writers 
on this subject, that they have attempted to draw out a complete 
system of reconciliation and illustration between. Genesis and 
geology. For it is obvious that the Mosaic account is fragment- 
afy ; or, as an able writer has expressed it, it gives us only the 
memorabilia of creation, but not a full and detailed account. 
Hence if we expect to find in the Scriptures something correspond- 
ing to all the details of geolc^, and in the same order, we shall 
be disappointed ; because it was not the object of Moses to give 
us a ful) account of tho creation, and in a s(»entific dress. Let us 
now enumerate some of tho points in revelation that derive sup- 
port or illustration from geology, and also show the harmony of 
the two records. 

1. T/i^ Scriptures and ffcoloffy agree in not fimtg the time of 
the creation of the world. The Bible says it was made " in the 
beginning," and langu^e is scarcely capable of more indeflniteness 
as to time ; nor is there any necessary connection between this 
general proposition and the facts which follow. 

Geology is alike indefinite. We sec, indeed, on its records a 
great number of distinct facta, but no clue is given as to their 
chronology ; and in fact no hint as to the first act, the production 
of matter. 

We might stop here, and with good reason take the ground, 
that having proved the preceding proposition, nothing fuithor is 
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necessary entirely to answer all olyections against revcUtion on 
t!ie ground that its clironology does not agree with the records of 
geology. No matter how old geology makes the world ; it is not 
older than the " beginiiing" of Scripture, 

2 They do Jix the time when man appeared. The Bible repre- 
pnts him as the last of the animals created, and from him a series 

ot chronological dates is carried forward to the present time. Hia 
1 miins too are found only in alluvium, the most recent of the 
f imitions. This is a most interesting coincidence. 

3 They agree in representing creation as the work of God. This 
IS very marked in the Bible, and geology presents numerous exi- 
gencies in which no law of nature, no transmuting process will 
answer, — nothing but the special creating power of the Deity. 

4, They agree in representing instrumentalities as employed in 
the work of creation. God comnaaaded the earth to bring forth 
grass, and herb yielding seed, on the third day, and the waters 
every living thing that moveth, on the fifth. Divine energy was 
of course concerned, bnt these were the instruments. So from 
geology we learn that immense periods were consumed in prepar- 
ing by natural operations for the introduction of animals and plants. 

5. They both represent creation, to be a progressive work, com- 
pleted hy successive exhibitions of Divine power, with intervals of 
repose. How long the intervals were, according to the scriptures, 
will depend on the misaning which we attach to the word day. 
But if they wera only common days, the acts of creation would 
still be successive and the work progressive. 

Geology, too, teaches ns most distinctly that tie various animals 
and plants were not introduced at once, but at intervals widely 
separated. This is an interesting coincidence between the two 
records ; because we should beforehand presume that all the races 
would be introduced by one creative act. 

6. They agree in representing the continents as covered an iii- 
dejinite period by the ocean, and subsequently elevated above it. 
Geology testifies to several vertical movements of this kind ; the 
scriptures mention bat one, which perhaps was intended to stand 
as a representative of all. 

7, T/iey agree in giving to the earth a very early revolution on 
its present axis. The very first day in the Bible, while yet the 
ocean covered the continents, is represented as liaving its evening 

17 
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anJ morning, just like all the rest. TJiis was before the existence 
of animals and plants. But geology sliows tliat this evening and 
morning commenced still earlier, even wliile yet tbe earth was in 
a molten state ; for we find the eartb flattened at tbe poles exactly 
so muiib as it would hi by a revolution on its axis in twenty-four 
lionrs. Afler its consolidation, such a revolution would not have 
tliHS flattened tbe polos; and while fluid, if it had turned faster 
than it now does, the poles would have been more flattened ; or if 
fc'ower, they would have been less flattened. The proof is con- 
clusive, t'lerefore, that it revolved aa it now does as early as when 
it was in a molten state. This feet ia f^tal to several fine theories, 
which have been based on tbe supposition that before the fourth 
day, when the sun and moon wss created, the earth's revolution 
was much slower than afterward ; and, therefore, Moses did not 
intend us to understand the days as periods of twenty-four hours. 
Science now shows that such baa always been tbeir length. 

8. The Mosaic account of creation allows us to suj^oae an 
indefinite mterial hetween the beginninj and the Jirat day, which 
may correspond to the %aat periods of geological history. After 
the first production of matter, it is said to liave been covered by 
water and daikuLSs, ■ind to be without form and void, that is, 
invisibk, or w^stc, and onfinished. Now how long it may have 
remampd in such a co^dItlon, who can tell J It may have been 
long enough to pass ihrough the changes which geology discloses, 
except that which prepared the way for the introdnction of the 
present races. All this may be admitted, whatever views we take 
of the nature of the six days. 

If all will admit this, as nearly all do, why may we not rest 
licre, and say that it is unnecessary to go farther in order to show 
the harmony between geology and scripture. For here we have 
an admitted interval in the Mosaic account, sufiicient to stretch 
over all the geological periods, and why need we trouble our- 
selves to inquire into the nature of the six days, ■whether they be 
natural days or longer periods. We fully vindicate the scriptures 
from collision with science, by planting ourselves on this admitted 
interval. And this is the second resting-place of this kind which 
we have already found. But inquisitive minds are not satisfied 
without an attempt to enucleate the meaning of the term day in 
Genesis, and therefore we take up that subject. 
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9. J%e six days of creation, in the view of eminent writers,may 
he uaed figuratively for indefinite periods Tiiis opinion found 
advocates as oajly as the times of the Cliiii-tian f^thcrB, Augus- 
tine, Origen, etc., and ia more modem times liis bucn ably de- 
fended by Ilalin, J)e Luc, Professors Leo and Wait of England, 
and by Profeissors Siliiman and Guyot of tbis country. They 
maintain that the word day is used thus figuratively in all lan- 
gnages ; that it is so used in Gen. 2-4 , that the seventh day, or 
Cod's Sabbath, has not yet terminated, and, thcieiore, tho pre- 
vious days may have been equally long, and that such an inturpre- 
tatioQ corresponds remarkably with the traditions and cosmog- 
onies of many heathen nations. Yet othei's object that such a 
meaning is forced and unnatural in a passage where everything 
else seems literal, and that the sacred writers have shown what 
meaning they attached to this word in the fourth commandment, 
where it is impossible to doubt that the six days in the first part 
are literal days, because tlicy are days of labor ; and so must also 
be the six days refei-red to ia the latter part, iu which the Lord 
made heaven and earth. 

But though it is difficult to believe that Moses had any other 
than natural days in mind, most reflecting persons who read tlie 
whole chapter, will feel that in reality they must be different, and 
perhaps they will say, like St. Augustine, " it is very difficult to 
conceive, much less to explain, what sort of days those were." 
Another view has been proposed which excites unusual interest at 
the present time. It is iLe following : 

10. We may viultrstand the daya as symbolically representing 
indefinite periods A Bjmbol is the representative of something 
else. Tbe word is taken in all respects in its literal signifieation, 
yet it has a higher meaning Moses probably understood,- and 
meant his readers should understand, the dtjs of creation as lit- 
eral days, but they actually 6}mbolize higher periods ; just as 
days, weeks and times are used in propheoj (which often has a 
symbolical form) for years. 

The great ahantige of this view of the subject over that which 
makes the days a figurative representation of long periods, is, that 
hereby we can take the scriptural statement in its plain, literal 
sense, yet those literal days may be stretched by symbolization 
over lie widest periods which geology shows to liave separated 
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12. By such a mode of description, the sacred writer was not 
bownd to give, and indeed could not give, always the true chrono- 
logical order of creation. To make tiiia evident we subjoin in. 
parallel columns the principal events as they are revealed by the 
sacred penman and by geology. 

The right hand column gives as fair a view aa we can of the 
order of creation as developed by geology ; the names of the sev- 
eral classes being given when they first appear, and their gi'eaf.est 
development by small capitals. The left hand column gives the 
principal results of the six days' work according to Scripture ; and 
where there seems to be no donbt of parallelism, they are placed 
opposite to events in the geological record. An exarainatioit of 
this table leads to several important conclusions. 

1. We learn that some events found in one column do not oc- 
Rur in the other. The igneous fluidity of the globe is one of the 
best established conclusions of geology ; but it is not named in 
the Bible. The introduction of numerous groups of animals and 
plants at different periods u another settled fact in geology ; but 
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tlie Scriptures name only one creation of the grent classes. On 
the other hand, tite creation of the atmosphere on the second dav, 
and of the sun, moon, and stars on. tha fourth, have no counter- 
part in the geological record. 

2. Tliere arc several rather striiing coincidences between the 
two records as to the order of events and the kinds of organisms 
introduced. Both show us, in early times, the continents beneath 
the ocean, and subsequently lifted out of it. Birds and sea ani- 
mals arc introduced on the fifth day, which may reasonably cor- 
respond to oolitic times, when birds and reptiles appeared in laige 
iiurobers, if we may depend upon the tracks of the former as 
proof. Land reptiles and mammals, or quadrupeds, come in not 
(ill the si.Yth day, which may well be regarded as sycchronous 
■with the tertiary formation, when, according to geology, Ihey 
were first fully developed, Man, too, on both records is repre- 
sented as the last animal created : a coincidence of great interests 

3. There exist also several diversities on the two records as to 
the uature and order of events. We do not call them discrep- 
ancies; for they arc so different in nature as to be incapable of 
being compared. Thus, the creation of (he atmosphere is repre- 



Ho.led by Google 



390 CHEONOI. OOIOAL OEDKE. 

BSDted as occupying the whole of the second demiurgic day. But 
geologj has no record of such an event, and therefore no com- 
panson can be instituted The same is true of the creation of the 
BUii and moon on tiie fourth day. It does seem remarkable, how- 
ever, that these luiuinanes should be represented as created not 
until after the vegetable world on the third day, if the writer had 
intended to pieserve the true chronological order of events. No 
impostor would have been eo shortrsightcd as to commit such a 
blunder ; hence there must he some other reason for such an ar- 
rangement. Alike strange is it to find the creation of the atmos- 
phere placed so much before that of the heavenly bodies, when 
these, as tliiiigs now arc, seem indispensable to atmospheric phen- 

4. The most important conclusion drawn from this table is, that 
the sacred writer did not and could not givo tt:e true chronological 
order of cventa. The different classes of animals and plants, ac- 
cording to the geological record, appeared at different periods; the 
same class often several times repeated, and with different degrees 
of development. Thus, plants began with the lowest class, the 
Algas, and not numerous, in the Cambrian slates, the oldest of fos- 
siliferouB rocks. In tlie Devonian a few acrogens and coniferous 
plants appeared. In the Carboniferous there was an immense de- 
velopment of acrogens, or flowerless trees, and some dicotyledons. 
The latter, however, the most perfect of plants, were not fully de- 
veloped till the tertiary, and still more fully in alluvium. Yet 
plants are all represented as created on the third day. How was 
it possible, then, to give the chronological date or order of their 
creation unless the sacred writer had gone into the scientific de- 
tails above hinted at? The same is true of the groups of ani- 
mals, which in the Bible arc more comprehensive and indefinite 
than those of science, because tltey are such as are in popular use. 
By the plan of the inspired writer, the time and order of their 
appearance could not bo given, and, therefore, the discovery of 
any diversity in this respect between revelation and science is no 
objection to the former, because it is not responsible for the time 
and oirler of events, but only for their truth. And if this is so in 
regard to the oiganic world, why may it not be so in regard to 
the other events described! Moaes wished to give a pictorial 
representation of some of the principal events in the work of 
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creation, and, therefore, he conformed to a chronological order 
only so far as his leading object required. It woulJ be natural for 
Iiiin to begin his pictures with the world in a chaotic state, buried 
by darkness and water, with the light just breaking in. Accord- 
ing' to ancient ideas there was an ocean above as well as below, 
and this might have eu^ested the formation of the firmament on 
the second picture. It was natural next to bring up the sub- 
merged limd and adorn it with vegetation. This might awaken 
the thought of introducing tiio heavenly bodies. And now it 
might occur that everything was ready for the introduction of 
animals into the atmosphere and the waters ; and last of all to let 
the most perfect of animals come in with man. 

These may not, and probably were not the reasons why, as wo 
suppose, Moses departed from a chronological arrangement of his 
six pictures ; but thoy show that there might be reasons for doing 
this. It has been and stilt is almost universally assumed, that 
Moses gives a connected and chronological history of ereation ; 
and then ingenuity has been taxed to the utmost to accommodate 
the facta to snch a supposition. But if we may reasonably suppose 
that he meant onli/ to give certain leading and selected facts, eon- 
formed to a chronological order onlg so far as suited Ma purpose, 
just as one might select certain facts from the early history of the 
country, and siiow them by pictures arranged so as to produce the 
best effect, without reference to dates, it relies es the sacred writer 
from all responsibility as to chronological order and scientific ar- 
rangement, and really does more to brins; out the beauty of the 
Jlosaio history of creation, and to bung it into harmony with 
science, than almost all other pnnnples 

13, Geology and the £ible agree ire representing phi/sical evtl 
as in the world before man. Geology shows that the same mixed 
system of suffering and enjoyment, of liability to painful accident 
and inevitable death, has always prevailed as they now do. The 
Bible, too, intimates that death and other evils preceded man. Of 
what use was the threatening of death if no example of it ex- 
isted among animals 1 Again, plants were created with seeds in 
them, and animals made male and female for the production of a 
succession of races, and sncli a system implies a correspondent 
system of death. The human family might have been specially 
preserved by the fruit of the tree of life, perhaps, from the com- 
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mon lot, till they had signed, when they too must die. Again, 
the selection and fitting up of a spot eastwatd as the Garden of 
Eden, as a place for man while holy, and his expulsion from it 
after he bad sinned, implips that the world generally was, as now, 
a world of evil and soffeiing. Itwas made so from the beginning, 
because it would ultimately become a world of sin, and sin and 
death are inseparable. If animal existence is, on the whole, a 
blessing in sueh a world as the present, or if animals may live 
hereafter, and receive sonio compensation for their sufferings here, 
the time when they suffer, be it before or after man's apostasy, 
makes no difference. 

1-4, Zoology and geology throw doubt over the literal universal- 
ity of the deluge of N'o'tk, The many vertieal movements of con- 
tinents taught by geology afford a presumption in favor of the 
Noahian deluge. Bat the science also shows the absurdity of a 
wide-spread opinion, that the numerous marine shells and plants 
found fossil in the rocks were deposited by the deluge. For they 
extend through more than ten miles in thickness of rocks, and are 
arranged in systematic order, and most of them are changed into 
stone by a slow process ; and to impute all this to a transient del- 
uge of less than a year, ia to impute effects to a totally inadequate 

The doubts about the flood's universality result, first from the 
difficulty of covering the whole earth for so long a time with 
water ; secondly, to find a place in an ark 450 feet long, 75 feet 
broad, and 45 feet high, for 1,658 species of quadrupeds, 6,000 
species of birds, 642 species of reptiles and tortoise'?, and 120,000 
species of insects — all of which have been shown by naturalists 
to exist. But the gi-aiid difiiciilty is to collect them all in one 
spot, and then to disperse them again, without a special miracle ; 
and if a miracle be introduced, all reasoning is nonsense. More- 
over, if the regions inhabited by man, then probably quite lim- 
ited, were covered, what was the use of drowning the rest of the 
world ! The languE^e of Scripture, though at first view seeming 
strongly to teach a literal univewality, is in many other cases quito 
as strong, although wo know that it does not imply universality ; 
but is an example whore universal terms are employed to desig- 
nate only a great many. See Genesis xli. 57, Exodus is. 23 and 
X. 15, Acts ii. 6, Colossians i. 2,1, etc. 
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15. The Bible teaches that the earth will be, and geology that U 
may lie, destroyed by fire and its surface renovated. The Bible 
ducUires tbat the earth will bo burnt tip and its elements molted, 
which would reduce it to a molten globe. Geology shows tbat the 
globe containa all the elements necessary to bring about such a re- 
sult. At the rate the internal heat increases, melted matter would 
be reaehed in less than 100 miles. How vast the amount of 
melted matter below, on that supposition, Fig, 125 will show. It 
ia clear that if from any cause, natural or supernatural, such a 
ci-ust in one part should be broken through and sink into the 
molten ocean below, all the rest might founder and disappear, and 
a melted globe alone remain. Then would begin anew the forma- 
tion of another erust, on which another economy of life might be 
established, and this might be the new heaven and new earth de- 
scribed in the Scriptures as the future residence of man glorified. 

Conclusions. 

First, in order to show that there is no discrepancy between 
revelation and geology, we can take any one of three positions, 
each of which is sufficient. We may show that Mosca does not 
fix the time of the material creation ; or, secondly, that his ac- 
count admits an indefinite period between the beginning and the 
first day ■ or thirdiy that the days stand symbolically for long pe- 
riods, and that on tl e plan ol descnption adopted by the saci'ed writer 
he could not g e all casci t! e chronological order of ereation. 
Either of these j os t ona, n the v cw of any unprejudiced mind, 
completely v 1 ate the Jlosa c ■account from any collision with 
geology. 

Secondly ge lo fy fum shea very important illustrations of tho 
Mosaic acco t and corroborates several truths of revelation. 

Thirdly st I! more remarkal Iv does geology illnstrate the prin- 
ciples of natural rel g on and add to its creed several doctrines 
generally re arde ! as eiclus ely revealed. 

Hence t is b gh t me for bel evers in revelation to cease fcaiiug 
injury to ts cl ms or loit nes f om geology, and to be thankful 
to Providence for providing in this science so powerful an auxiliaiy 
of religion, both natural and revealed, 
17* 
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PAET IV. 

ECONOMICAL, OEOLOGY. 

Economical Geology ia an account of rocka with reference to their peounbry 
value, or immediate application to the wants of aocioty. These practical ap- 
plications may be ineludeii under the three general heads of mining, engi- 
neering and architecture, and agriculture 

1. MINING. 

ilimag ia usually understood to relata chiefly to the means employed for 
citraeting raetaliic ores th)m veins. We shall apply it to the oitractioa of 
ores from all metalliferous deposit,-". Previously, then, to the details of the 
pi-oceas, we must describe the difterent modes in which the metala aro found, 
und. their origin. 

JfetaUi/erons Deposits. 

Metallic Vans. — The metallic matter, called ore, rarely occupies fho wholo 
of the vein; but is disseminated more or leas abundantly through the quartz, 
Bulpbate of baryta, waoke, granite, etc., which constitute the preater part 
of the veil), and are called the gangue, matrix, or veinalonc Olleii the ore 
and the g.^guB form altematir^ layers. Sometimes there are cavities lined 
with crystals, which cavities are called drases. 

Metallic, like other veins, vary very ranch in extent, both in a vertical and 
a horizontal direction. They are of unknown depth ; for scarcely over have 
Ihey bean Exhausted downward. Tlie deepest mine that has been worked, 
is that at Trnttenburg in Bohemia, which has been osplored to the depth of 
3,000 feet. 

In all cases metallic, like other mineral veins, aro filled with matter differ- 
ent from the rocks which they traverao. In some instances they are ob- 
viously of tlie same age with the containing rock, but in a majority of cases 
they are fissures that have been subsequently filled. Tliey exMbit almost 
every variety of dip and strike, and yet it has been thought tliat they very 
often affect an east and west direoUon, though frequently they nm north and 
south, and their dip usually approaches the perpendicular. These veins olten 
ramify and diminish until they finally disappear. Their width is very various ; 
from a mere line up to some hundrais of feet The metalho veins of Corn- 
wall vaiy from an meh to thirty feet in width. The conleata are sometimes 
arranged in succes^ve and ottea corresponding layers on each side. 

The contents of metalliforoua veins often vary m the same vein in different 
rocks through which il passes, both peipendicuhirly and in tho dnvjction of 
tho vein. Its width also varies in the same manner 

It is often found that all the veins of the same neighborhood have essen- 
tially the same direction; and if there should bo two distmct systems of 
vciuainthesamo locality, one system, if they are both melalhferous, wdl con- 
tain a metul not found in the other. 

The rock in which metallic veins are found is called Uie country , the veins 
(hemjelves are todni; nnproductivo voins, intersecting tha lo tes, aro eall:^d 
rru-s cnwrsev; the ihp or inciination of tho vein is its liade, slope, or underl.'e ; 
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Fig *13. 



ilrhg) and thrtad^ are small (ilaioents into whieli the vein sometimes rami- 
Ges. Tlie two sides of tlie shiet or lode are called its ivaUs; and if the dip 
of the vein is considerable, tbe upper one la termed the hangag waS, and the 
lower tho fiei malL 

MetiUlic veioa are most numerous in hypozoic and paltBozo rocks. No 
vein ia woriied in Great Britain above tlie new red 
sandstone. Nor are any explored of much import- 
ance, above the carboniferous limestono. In the g 
Pyrenees, however, hamatitic and spathic iron occurs §■ 
in paleozoic strata, in the liua, and the chalk. In tho 
Cordilleras of Chile, also, tertiary strata, whicli have 
become oiystalline by the proiioiity of granite, are 
trjversed by true tnetaUc veins of iron, copper, ar- 
Hcnic, silver, and gold, which proojed from tho un- 
derlying granite. ^ 

As a general fjct, melallic veins are most produc- « 
tire near the junction of stratiHed and unstratifled ^ 
rocks. Their productiveness depends also on their o 
relalivB du'oction. If one lode is rich, another lode f 
Dear it, with nearly the same direction and in nearly 
the same coontiy, will probably be fjundrieh in that 
part opposite the rich part of the first lode. It is 
a^ considered a favorable indication of rich metalUc ? 
veins, to find at the aurface decomposed masses of £ 
tho ore called gossaii. § 

The latest writers upon metallic veina ai^e that | 
the ores are richer near tlie surface than at great • 
dsptlia. g 

Metallic, like common veins, have been produced g 
at different epoolis. Mr. Carne finds evidence in -. 
Camwall of tbe eidstenceof motiiUic veins of nobsa n n 
t'lan six or ei^t different i^tes ; a case analogous | ^ 
le exhibited in Fig. 31, in Section I. | | 






Fig. 413 y 



in of tin and copper 



the killaa, or slate^ into the granite benea 
BsctJon reaches .to tho depth of 1,201) feet. The | 
dotted lines repiiaent tho tin lodes (veins^ and tlie ." 
continuous lines tbe copper lodes. 

Lead Veim of tha Upper Mississippi. — The most 
eztunsive deposits of galena in this coimtry ers in 
tha valley of the Upper Missis-'ippi, in rocks of tlie 
Iludsoa River group. The simplest form of tiie 
bdj is a vertical sheet, from the thickness of a knife- 
blade to several feet ; or a number of theso sheets 
may be grouped together. 

Sometimes tha slieets terminate downwards in a 
large borisonlal bed of ore, not usually less than 
four nor more than fifteen ieet thick. Tiie sheets 
connected with these beds or openings, aro called 
chinmeys, as may be seen in Pig. 413. 

Very froquenUy these openings are not filled 
with oro^ but are merely cavities in the rock, and 
often contain bones of extinct species of animals — as the wolt poocary etc. 

Or llieso openings may be partially occupied by ore. Fig, 414 represents 
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ia twelve ioclies thick. 



the Marsden'a lode, showing both an opcn- 
inj, e, partially filled with galena, and the 
composite etructureof aomeofthe lode.', a 
is the cap rock, 6 a layer of blende, c of py- 
ri|es, d of blende, and the ^lena in the op 
This lode ia what is called a Sat sheet. 

These deposits are generally completely Isolated, harinR no connection with 
each other laterally or vertie^ly. Hor do they extend definitely downward. 

Ores ia the form of Beds^-The oroa of iron sometimes occur in lodes, but 
more Ireqaently as beds inters tratiSod with sandstones, schists, el<r. Tin. 
lead, and copper are rarely found associ ted with the a beds of iron, but not 
in large quantjties. 

These beds are undoubtedly of sedimen a y oin 

AUioHal Deposits. — Gold, platinum, anl t n a e often found in gravel and 
Band. The same forces that removed t e ra e and sand from the ledges 
also washed away the ores Ironi tlie voin'i, and depo d lem as a part of 
aiiuviuni. It ia muoh more profitable n ene al to o ta n gold and phit- 
inum from alluviam than from the origi v na 



■e fissures flUod by aqueous in- 



RIO IN OF 

1. "Werner supposed that metallic 
filtration from above. 

2. Huttoo supposed that metallic veins were filled by melted mattPr injected 
from beneath. It ia probable that many metallic veins were thus produced. 

3. Professor Sedgwick supposes some metallic veins to have t)eea produced 
by chemical Begregatioo from the rock in which they occur, while that was in 
a yielding state ; juat as nodules of flint were segr^aled from chalk, or crya- 
t^ of simple minerals from the rocks in which they are now found imbedded, 

4. Ur. Fox and M. Beequerel refer tiie origin of many metallic veins to 
electroHiJiemical agencies which are operating at the present day, to transfer 
the contents of veins even from the solid rocks, in which they are diaaemi- 
naled, into fissures in the same. The former of these gentlemen has shown 
conclusively that the materials of metallic vcios, arranged as they are in the 
earth, are capable of exerting a fe^le electro-magnetic influence ; that ia, they 
constitute galvanic drcuila, whereby numerous decompoaitiona and recompo- 
sitions, and a transfer of elements to a considerable distacice may be effected. 
He was indui^ to commence experimenta on this subject, by the snalony 
which he perceived between the arrangements of mineral veins and voltaic 
combmations. And he thinks if such an agency be admitted in the earth, 
it shows why metallic veins, having a nearly east and west direction, are 
richer in ore tlian otheis; since electro-magneHc currents would more readily 
pass in an east and west than in 3 north and south direction, in consequence 
of the magnetism of the earth. M. Beequerel has shown that even inpolu- 
ble metallic compounds may be produced by the slow and long-continued re- 
action and transferenoo of the elerafnts of soluble compounds by galvanic 
action. Ho hM also made an irapoitant practical application of these priu- 
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ciples, which is said to be in sncccsaful operation in France, whereby the orea 
of silver, lead, and copper are reduced without the use of mercury. Tliis ingen- 
kius theory bida fair to solve many perplexing enigmas relating to metallic veins, 
and to prove that some of them may eveo now be in a course of formation. 

6. M. Neckar and Dr. Buckland suggest tbat some mineral veins ma,y hava 
been flllod by the sublimation of Iheir cootents into fiaaiu^s and caviljea of 
the superincumbent rodta, by meaos of intensely-heated mineral matter be- 
neath. Thus it has been shown tbat by beating galena in a tube, and causing 
ils vapor to unite with that of wator, a new deposition of that mineral was 
produced in the upper part of the tube ; and in a similar manner boracie acid, 
which by ilseif does not sublime, may be carried upward and depoated anew. 

Probably it will be necessary to call in the aid of all the preceding hypo- 
theses to explain the eomplioaled phenomena of mineral veins. The third 
and fifth of these hypotheses meet with the grcateat iJivor with geologists iit 
tlie present day. 

MIXING. 

Frdiminary Operattons. — Taluablo veins may he discovered by attentively 
observing the fragmenla of rook strewed over the surface. Then' sources 
will be either upon the sides of the valleys in which they are soatlered in 
the direction of tlie drift current Ravines and stoop hill-sides in tl i^h 
borhood should be carefully explored for traces of veins, which illy 

prommcntly marked, cither by elevation above the enclosing rock, d p ss 
below it, or by poouliar products of decomposition. 

When these means are not aviulablo, shoadiag or costeaning m t b tn d 
This consists in digging a series of narrow pita, a few fisct deep, t gl t an 
gles to tho supposed course of the lodes. Jf the course of tlie 1 des ea t 
be satisfiictorily conjectured, there should be two series of pita at right angles 
to each other ; and these should he connected by undei^round gallerios, that 
no traces of ore may bo overlooked. 

If aproducUvelode has been dia covered, llio first operation, if the situation 
requires it, is to drive an adit level Tliia is a gallery intersecting the !odo as 
far aa po^ible below the surface, and jel secure the draining of the mine. 

Tho second operation is to sinlc a pit or shaft intersecting tho lode at a 
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proper distance IVom tlia surlkce. It ia designed as the thoroughfare through 
which the ores are brought to the surface, and iagresa and egress are afforded 
to the oiinera. The aimplost mode of conveyanoe is by means of a ivindlas 
uiouiitvd on the shaft, (o which two buckeLa are attached by a long rope and 
made aliernawly to usoenl and descend in the pit. 

¥\g. 415 represents three lodea traversad by an adit level. Three shada 
are also repreaen tod Fg 416 shows ft. 

As the work processes, honzoutal gal te ff 

els, striking the lode at diffuront point 




ft. 






Methods ofaOacking the ItacL, — 
These vary witli the nature of the 
rock. If it be soft, pick-axes aad 
shovels may be used. If it bo 
liard, but traversed by seams, 
steel wedges or gads tnay be u.=ed 
to split off lai^ fragments of ore. 
Most usually, however, the rock 
must ho exeavatod by ilasting 
with gunpowder. Whentherocks 
are soft, or there is danger of slid- 
ing, walls ofstoueorfVamesol' tun- 
i6 constructed, to preserve the openings and galleries, 
sn of Ores, — The materials excavated to ibrm the galleries may 
bo lajgely composed of ores, but these Ibrm a very sniall part of th; val- 
uable fragments which must bo preserved. After the ore has been re- 
movpd, Uie worthless rubbish may occupy its place, and thus t!ie valuab'e 
portions be easily obtained at the di£ferent levels. When tho pn^tress is from 
a higher to a lower level, the operatiou is called styling ; but if the progress 
is upward, the opening ia called a rise. 

Fig. 417 eshibiCa the exoavationa in tho Hu-l Crofly Copper Mine in Cor:i- 
v,-;ill. The perpendicular escavations represent the sliaiia and winz;;s, and 
lit'.' portions shaded black represent those parts of the lode which have been 
removed by stoping. The levels in this mine, like most of those in Oornwull, 
aie ten fathoms apart. 

jVecAanicn/ Preparaiion of Ores, — When the ores reach tho surface, tho val- 
uable portions are picked out and prepared by various meelianioiil operations 
for metalluq!;ic processes. 

Cruehmg. — Many ores are prepared for smelting by crmhing. The frag- 
ments are brought beneath two larjite cast iron cylinders, revolving in con- 
trary dh-eoljons, and kept io place by a heavy wei^t. After b 'ing crushed, 
the ores paiss over a sieve, which separates the fragments of diOferent sizes ; 
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paaaing the brgor pieces boneatU the rollara again, uatU tliQ/ are sufEcienHy 
reduced. 

Sftnnpinj-— Many ores, instead of being crusbed by rollers, are poiindeil 
into small fragments by huge pestles noved by water or steam power. The 
pestles usually weigh from 300 to 400 pounds. 

TTufcinff.— Though the ores have beea thoroughly crashed or stamped, 
they are not jet quite ready for the furnace. There may be foreign substances 
mixed witll thom. These are commonly separated from the valuable parts 
hy washing. The principle of tho separation is, that iu consequeQce of the 
different epeciflc gravities of the ores and refuse matters, tho two classes of 
fragraents, If made to Cill in water, mill settle m different layers; and tho 
most valuable layer, after the water has beon poured ol^ may easily be sep- 
arated from the others. 

The simplest apparatus for the wadiing of ores is the hand-siere. It may 
be compared to a laT^e tub having a sieve at tlie bottom. Tiie tub is partly 
filled with tho crushed ftagments, then it is placed in a large tank filled with 
water. The tub is speedily filled with water, and by giving it a sort of uu- 
dulatory motion with tho hands, the heavier particles will settle at the bot- 
tom, aud thus be separated for the raetallui^iet. 

There are other methods of washing the ores by machinery, which are in 
more general use than the hand-aeves; but they all invoWo esBeulially the 
same piiuciple. 

The ualive metals, such as gold and platinam, which are worked m allu- 
vium, need only to pas through tliis process of washing to be prepared for 
OSS in the arts. But most ores, when they have been carried through tbo 
processes already deseribwJ, most be reduced in a furnace to the melallio 
state. Itia the provinoo of MiiiiLnjrL(iy to describe the methods of reduc- 
tion. 

Amotmt of Metals Mined. 

It may be of interest to some to Ijam the amount of metals that are an- 
nually nuned in the worid. We add, therefore, two tables, the first givinj; 
tho estimated value of metals obtained by mining in 18B4, and the second giv- 
in ' their amount. For these tables wa are indebted to The MetMic Weaith 
cflhe TTiiiM Slates, hy J. D. Whitney. 
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) AKCniTECTUftB. 

Tbe Bplierea of the engineer and t!i9 architect are so dmilar that we way 
conveniently bring under one head what we have to say of tbo uaea to which 
they may apply geology. The en^neer haa to locate railroads, cominou 
roads, and canals, to tunnel mounlaina, to oonatruct embankmenls, harbors, 
breakwateis, quaya, and bridj^es. 3'he architect selects the sites of public 
and private buildings ; and both must select materials for their works. Their 
applicadoDS of geology, then, will fell under two heads — 1. location of their 
works. 2. The materials to be used ia conatrucaon. 

1. Location. 

In the location of railroads, as well as of carriage roads, an engineer fe- 
inihar with geolr^y will be able often to provent great losses and feilurea by 
a judicious selection of routes. The greatest danger lies in the loose or im- 
perfectly consolidated materials at the Bur^e. Where there is un alternation 
of sand, gravel, and clay, especially if the strata are at a)l inchoed, and deep 
cuts are made through them, slides will bo apt lo occur subaequenily m very 
wet or very dry weather. He who knows all this beforehand can, by ft va- 
riety of expedients, guard gainst such accidents, to which he who has neyec 
studied surfece geology will be liable. 

The same difficulties meet the architect in selecting the site of large bnild- 
ings. If he can find a little below the Burface what b called hard pan, that 
is, gravel and sand more or leaa consolidated, he could not obtain a better 
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foundation. Ent tlila hard pan may have but little fliickneBa and be under- 
Idd by loose materials, evou by quicksand, I(a tliickness, therefore, sliould 
bo aacertMned, and no building, bridge, or embanliiuent placed upon it whicli 
will bo liable, by its weight, to btcat through the stratum. 

Clay, espocia.1y aoch as occurs la alluvial forumtlona, is one of the founda- 
tiona most to be sojpectod. For although very solid whcin dry, powerful 
rains wi.l convert it into mortar; or it may be underlaid by that most slip- 
pery of all foundations, quicksanil, which, if a stream of water etjould find 
access to it beneath tha clay, will be swept away with aatonighlng rapidity, 
uudermihiag, of course, tho superincumbent structura. A case of this kind 
occurred in East Hampton, Massaohuaetla, in tho aummcr of 1869 ; wlien a 
factory, just erected by Hon. Samuel Williaton, waa injured in one night to 
the amount of some $S0,000. 

But the engineer and architect should be acqufunted with tho solid strata 
beneath alluviuLn; not only with their nature, but their positlou, whether 
liorizontal or incUiied, For if inclined, the looae materials above will be very 
liable to slide down, and thorelbre without due precaution no slructures of 
great weight and importance, whetlier embankments, quays, or bouses, should 
be placed upon them. 

The dip and strike of the strata, aa well aa their nature, ahould alEO bo 
known to the engineer, in laying out railroads and canals, on other accounts. 
To locate them on the line of slrlke is the most unfavorable of all directions, 
while tho most tavorable is to cross them at right angles. Still more impoi- 
tant are the dip and strike in tunneling. To cany a tunnel through a hill on 
tha line of strike, or with the rock dipping from the workman, is most un- 
favorable, because tha work must bo done on the edges of the strata. Tiie 
most favorable is whore the drilling can be made on the broad &ce of the 
strata. Ibe nature of the rock, too, is very important Some formaUona 
have so little coherence, that if a tunnel be made tiirough Ihem, tlie roof 
will iall in. Otiiers are so hard, that it is almost as easy to drill and blast 
iron. Thia is especially true of the compact trap rocka and some varieties of 
porphyry. Cuttings through tliera are so costly, that, if posable, they should 
be avoided ; though the tu&ceoua trapa are not difficult to blast. These 
trappean rocks are apt to occur when least expected, and tlie < ngineer, be- 
fore he decides upon an eiitetisive cutting or tunnel, ought to be confident 
that he shall not unexpectedly encounter these hard materials. He ought 10 
find outi if possible, also, where £iults exist, what strata are pervious or im- 
pervious to water, and where springs may be expected. 

The question bs to tlie probable success of boriTig Artesian wells haa be- 
come, at this day, one of great interest and importance, and also one ol great 
difficulty, concerning which tho most practiced geologist may be mistaken, 
Cert^n princlplea, however, are true in respect to such explorations. One 
is, that we can not expect success if the underlying rock in the region is all 
uDstratiBed, nor unless some stratum can be reached whose outcrop rises 
higher than the aur&ce of tho well ; that is, although water may l>e found, 
it will not riae to the surface. So if all the strata are equally pervious to 
water, no hydrostatic pressure will iorce it upward. 

2. 3[aterials. 



len are obliged to use such 
materials as are easily accessible, though perhaps not the beaf. The rooft 
valuable are often remote and costly. Some kinds of rocks, however, the 
world over, aro always highly prized. Such are the marbles, granites, por- 
phyries, serpentines, alabasters, Eoapslones, etc The most valuable monu- 
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menta of anfiquity, tliat havo aurviued tho rav^^9 of timo, wsre of tlila do- 
Bi!d[)tioii, and tliey are uoir used more exteiiBively th;iQ ever. Analogous 
nuiariitls, liowevor, of coarser kiuds, answer well for cojiuion purposes ; and 
tUo eu^ueer and areliilei^t nwst mlko Ilia base aaleocioa thay cat out o( raa- 
tariala at UanJ, taking iuto aeeount tbeir accesaioility, dieapness, aad dur- 

The MIowiog aro Iho roclts generally employed far t!io purposas of oon- 
Btruction, rooting, and Hanging, as well aa lor macadamizm^ roads : 1. Lime- 
Gtono. 2. SandsCoao. 3. Clay sla,te. 1. Uioacsons and t.iIcoss schisla. G. 
Oneiaa. 6. So^ipstono. 7. Granite, sjenito, aadtrap. 

Limestoao is, upon the whole, the most important Somctinics it ia Himply 
carbonate of ILue, or a double carbonate of lime and migaesia, called dolo' 
mite; in both wUcli ^aCea it forma boautiflil white marble, and ia very 03- 
dtiriug. In Philadelphia especially, and more or leas in othsr Atlantic cities, 
this while marbla forms tha frOQla of hooaea; and in the City Hall in New 
York, tho entire ediBce ii mado of it The Ijrge pillars around Girard Col- 
lege in Philadelphia aro of this atone, obtained froa Sheffield, in Massachu- 
setts. It is less commoQ in European cities, though the Dew Houses of Par- 
liament in Loudoo arc buill of dolomite; but it is scarcely cryatallino, and 
comes ii jia the permian formation. Tho oolite fumidhes most of the best 
building Btoue ia Great Britain, eapeoially from tho famous quarries in tho 
Isle of PorUan'I and near Bath. But this rvick is entirely wanting in oul 
country. Yet vast beds of tho white and gray, or vaiiegated limestones of 
the azoic roc^s. run aloag^ tho whole lon^h of tho Appalachian chain of 
mouatains irom Canada to Alabama. Farther west the limestemes taka ar- 
eillaoBOua matter into their eompoaiUon and form admirable building atones, 
aa may be Seen in onr western cities. 

The great amount of steatite, orsoapstone, in the Appalachian ciiain of 
moiintaias, especially in New Enghvnd, has led (rf late to its employment for 
the froula of housea in New Yorft and elsewhere. It baa the advantagesof 
being worked with great ease aad of keeping free from mosses and liohena, 
but it ia not haodaome, and ia ea^ly marred. 

Sandatoaea of various colors, hardness, and of different degrees of fineness 
from tho tertiary to the azoic rocks, are widely employed iu most countries. 
Prom the well-known quarries of Portland, in Oannectiont, and near Newark, 
Now Jersey, lai^e quaalitios of this rock are carried to almost every portion 
of the country aooessiblj by water. This rock ia red or gray, and belongs to 
tlie oolitiG or triasaic group. Oilier sandstones, fro.m the paleozoic rocks, aro 
estunaively uaed in many parts of the country. Moat of theaa sandatones 
are very eniiunn;:; and beaudfuL 

lu thia couutry clay slate ia used almost eiclusively fbt roofing. Bat in 
the vicinity of Some of the European alato quarriaa, as in Wales, it is em- 
ployed lor tlie floors of houaea, for doora, fences, trougha, coffina, and almost 
every thing, in ik^ lor whiuh boards are used ia other countiies. 

For UafJi^ag atones the moat uaual rocks employed inour country are devo- 
nian grilslune and mica and hornblende schists. The beautiful mica scliistof 
Bjltuo, in Connecticut, and the gritstone of the Hamilton group of rocks 
alo.ig liu'lson Kiver, furnish flagstones for a lar^ part of the citios of this 
country. The first ia perhapa tho most beautiful, but the latter the most en- 
is hardly spoken of a' 



- — „ -j-'Okenof aaaatono for ooo-struotion, ai 

it is not used. But in this country, especially in Ne 
viiluablo of all our rocks. Composed of tl 
. equally enduring, aad it has tho advaht^o 
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ficulty in hewing it Bmoothly acrosa the layera. The quairioa of thia rock in 
Ssv! Eogland are very numerous, and soma of tbom furaisli most beautlfnl 
stone, taach to be prefeired to aandslone. 

The UDStratiflod rocka are alao describal by English writora aa " not very 
often empioyed in the cotatruotion of public ediiees." Tery diSbrent 13 tho 
caae with us. Trap and porphyry are not, indeed, much uaed on account of 
the liifBcultj of bringing the blocks into a regular shape, as they can only be 
broken, but not hewn. But eraoita and ayenite ate used almost everywhere, 
if oblEiinable, and fbrm the most solid and enduring of Btructures. The ay- 
eoitic quarries at Quinoy and Cape Ann, in Maaaaohuaetls, as well sa those 
of pure white ^^nite at Halloivell, in U^iie, at BsJi^, in Verraonl^ at Chelois- 
foiS and FilchbU!^ in Masaaohuaetta, and many oUier placea, furni^ inei- 
haustible quantities, and in the northern cities form a lat^ part of the most 
imposing public as welt as private buildings. Enormous blocks are some- 
tiniea got out at those quarries to Ibrm sohd columns of great size and length, 
as may be seen in several public ediSces in Boston and elsewhere. 

It is au important and difBoult point to ascertain whether an entire rock will 
endure long exposure without disintegrafion. In Europe, where building 
ihim the quarries have stood for sever^ centuries, this point can generally be 
determined. But in this country we must resort to other means. The min- 
eral composition will ^vo us some Information, and in general tho more per- 
fectly crystalline the rook, the le^ liable it is to di^ntegration, though there 
are some exceptions. A. better test ia to oiamino ledges that have been for 
ages exiposed to atmospheric agencies, and observe the amount of erosion. 
A methodof testing the influence of dampness and frost by the use of a boil- 
ing solution of Glauber's salts is a^d to afford good results in a short lime. 
Tho details, which we have not room to give, may be found in Anated's 
Geology, vol ii., p. 453. 

3. AOBICOLTPRAL OBOLOOy. 

The first inquiry in Agricultural Geology is, what is the composilion of good 

The matter in all soils capable of sustmning vegetation exists iu two forms, 
inorganic and oiganlc The first contains tirelvo chemical elements, viz., 
oxygen, sulphur, phosphorus, carbon, silicon, and the metals potassium, so- 
dium, calcium, ^uminum, m^uesium, iron, and manganese. In the organic 
part the elements are four: oxygen, hydrogen, carbon, and nitrogen. The 
inorgania elemanta are derived ttem the rodta; the organic elements from 
decaying animal and vegetable matter. So that it is with the earthy constit- 
uents of soils that geology has to do. The above-named ought all to be pres- 
ent They do not indeed occur in their simple state, but aa water, aulptaes, 
phosphates, carbonic add, silicates of potaasa, soda, lime, magnesia, alumino, 
iron, etc. The average amount of silicates or sand in soil is 89 in 100 parts. 

The second inquiry is, whether these elements of the soil are Ibund in the 
rocks. In the tabki of tlieir analysis ^ven on page 93, it will be seen that 
they are all present except phosphorus, which, however, is not unfrequeatly 
found in them in the condition of phoaphatos Moreover, the proportion of 
the ingredients in the rocka does not dilTer much from that of the soils. Hence 
the conclusion is, that tho lattor are only the former comminuted, with the 
addition of from three to tan per cent of organic matter. 

Since the rocks differ considerably in composition, wo should e.Ypact a cor- 
responding difference in the soils derived from them. And such is the fact 
to a considerable extent where the soil is simply the result of tha disintegra- 
tion of the rooi: beneath it. It is enough so in many distriota to form char- 
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actariatic soils. Thus over quaria roekB and some sandslonBa we find a very 
aandj and barren soil, tliougii it is said that in nearly all soils enough silicates 
of lime and magnoMH are present to answer aJl the purposes of vegotatioo. 
But the alkalies and phosphates may be absent When the rook is limeslone, 
the soil is sometimea quite barrea for the want of other ingredients, and in 
conaequonce of the dilfleulty of decompoaition. Olay, also, may form a soil too 
tenacious and cold. The sandstones that contain marlj bei&, and some of 
tiie tertiary rocks of analogous character, form eKcollent soils. So does olaj 
slate, and especially calciferous mica schist The amount of potash and soda 
in goeiss and graniw olten makes a rich soil from those rocks, and the tr^ 
rocks form a fertile tboi^h scanty soiL 

Bui, in the third place, in most countries aqueous and glacial agencies 
liavB so mixed the soils togothi^r that their original peculiarities are lost, and 
new aad compound characters are gi^en thom. This is particularly the case 
in northern countries, wliere the drift agency has swept over the surfece and 
torn cjIT and miiod together the disintegrated portions of the Beveral forma- 
tions. Subsequently rains and streams have carried the finer portions of the 
drift into tliB lowest places, and there farmedalluvialmeadowfs; and although 
these are usually the host of soils, thay are often derived fVom many differ- 
ent rocks. The drift left upou the higher grounds ia generally quiw barren, 
chioSy because of ila coarseness. 

A fourth serviao which the geologist renders to agriculture is by the dis- 
covery of fertilizers. Sometimes he can point out deposits of the phosphates 
cilher in a crystalline slate, or as coprolitea or guano. He can also show 
what rocks contain carbonate of lime, or discover sulphate of lime, or marl 
beJs, or green sand, or decomposing fossil shells, or deposits of carbonaceous 
raatlur. lie can also find what roeka coutajn enough of potash or aoda to 
be of service when pulverized. 

The Bubjeot of drain^fe, as well as the discovery of springs of water and 
fha best means of bringing it (o the aurfeeo, belong to Ajrioultjral Geology i 
but our limits do nob allow us to enter upon tSie d^taila. 
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Kor.Tn AMERICA:; geology. 

The Watoiy of American Geology coiomeDoas wilh tho present century. 
A few collec^tioiiB of minerals and rouka seryed aa the nucleua arovind wLiuli 
ttie interest of [he public gradually acoumalaCel. The first attempt at ex- 
pioratiou was commenced by William Maclure in 1807, who published agoo- 
lo-^iu.tl map of the Stutes then in tlio Union, giving the old Wernerian cloasi- 
fiaitio.i ol tlie rooks. Great eerrioe hai been rendered to American gi^olo^y 
by Uio Aia^ruiaa Jouiraal 11/ Setence a,id Art, commcnceii by Profeaaor Silli- 
man. Senior, Id 1318, and eoutinued to tliia day aa the ablest American 
acieulJlii!Jouro,.L 

Au impo.tJiit tonture in the history of American geology is the numerou.i 
geolojicil sarTQ/j thut have been executed, or are still in progress, under 
the paCroDJ^^uii liirocdoii of the dill'erent State authorities, aa well as Iho 
Uoiied St;ues governmeut. Tho leading object of these surveya is to develop 
tljose mineral resources of the country thut are of economies vatua But, 
with a co.nmBndablo liberality, tlie Unislatures have encoviragad accurate re- 
searches into the scientilic geology, and somelimes also iato the botany and 
zoology of thdir several t>iates. 

The tirst survey authorized by the goremmont of a State wa.s that of 
North Garolinj, wh;elt was committed to Professor DSnison Olmsted in 1 824. 
Two Htnill paiaphleu om\x>died ila results. A year or two liter, Professor 
Vauu.'ceiQ was conuniajioned to e>:plore the geology of South Carolina, but 
its results wero publtslied only iu the newspapers. 

MassJchnsetts, in 1S30, commenced a geological survey of its territory upon 
a m»rd extrusive scaI^ under the direction of the senior ambor of this work. 
Tlie lirac ro|>.)rt was made iu 1833, a pamphlet of seventy pages. In 1833 a 
fuU report was nuJe, of IQi pages, wiih an atlas of plates and a geological 
m^; ani in 1841 a final Report of 831 quarto pages, with fllty-five plates. 
Williin ten years the example of Massaciiusetts was followed by fifteen other 
States, Nearly every State and Territo.y iu the Union, at the present date 
(lasoj, has bean mora or l.'S} explored, or is now conducting a survey. 

Tne survey oCNew York was commenced in 1836, and has been condacted 
upoQ the most liberal prini-iplts. Nearly twenty largo quarto volumes liave 
boiiti published by her It^gislalive authority upon all the branches of Natural 
History, including agricidture, at an expense of half a milijou dollars. la 
coQsequeuea of these accurate researches, the rocks of New Tork are clasao 
ground for American geologists ; and the names employed by the New York 
geolo^sts, though derived fro:n localities within the Stale, are applied to con- 
tempor.iueouj deposits over the whole continent. 

These Reports relate chiefly to the Silurian and Devonian Systems. The 
magnillcent Report of Professor H. D. R<^ers upon the Carboniferous Sys- 
tem of Pennsylvania, has laid a foundation for desnibing nil North American 
coalfielJa. The New England and Canada Reports describe the azoic rocks 
more pirlicularly. Morton has given a system to the crctaceoua, and Coarad 
to the tertiary depoKta of the eonntry. 

Besides the State surveys, wientiflc societies and associations in the princi- 
pal cities have done much toward the development of our Natiiriil ilistory. 
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The' Aeademy of Natural Sciences at Philadelphia, the lyoenm of Natural 
History of Now York, tlie American Academy of Arta and SoieoceB, and the 
Society of Natural History in Boston, aro promiaent among thorn. Tha 
American Association ibr tha Advancement of Sden'je 13 aa organization iti- 
cluding members from all parts of the couclry, and ineela annually in dif- 
ferent placaJ. U was originally an Aimcialioa of AiaBrican GenJogUli. Then 
it included all the Haturalisls, and ultimately, in 1847, was enlarged so as to 
admit all B ionics, and received jta present name. 

Nor ahou:d we neglect to mention those Cabinela of Geology and Natural 
History which begin lo compare favorably with those of Europe. The lai^est 
collections may be found in the Academy of Natural Sciences at Philadelphia, 
the Slata Collection at Albany, N. Y., that of the Boston Natural History 
Society, the collection of tlia Canada Survey at Montreal, the Ciibinct of tho 
SinithsoniMi lustjtution at Washington, and that of the New York Lycenm 
of Natural History. A inagnificevit museum of Paleontology and Zoology 
is commenced at Cambridire. Amonj the Colloges, the moat extensive Cabl- 
npls are those at Amherst and Yale. These museums are tlironged with 
Visilora. For eiamplo, the resister of t'le Cabinet at Amherst shows that 
the collections are viaitod by 15,000 people annually. 

QEOLOaiOAL MAP OF NORTH AMEHICA. 

Accompanying this section, V7e present a small map of the geology of 
North America, compiled from th: most reliahle sources. Owing to its small 
sLie, only the more general classes of roclts can be represented. There ara 
Bis distinolJons upon it : 1, Aioic rocks -2, Paljeozoic rocks, including all the 
formations between tlie Cambrian and Permian series, except a part of the 
Caiboniferou3 series; 3, that part of the Carboniferous series which i3 under- 
laid by valuable beds of coal ; 4, Mesozolo rocks ; 5, Cainozoie rocks ; and 
6, Igneous rocks, such as have been erupted since the commencement of the 
Triassic period. 

A general division of the geology of North Amerioa is into three groat 
foasiliferous baaris resting upon azoic rocks. The first is the A^cik basin, 
onmpyin}^ the greater part of th^ islands and peninsulas ivithin the Arctic 
circle. This may be connected with the other baans. The second may be 
called the HadiorCa Bay hasin, beoanse it is chiefly developed about Hudson's 
Bay, The tliifd is the great CotUinenial basin of tlie interior. The last is 
the one best known. 

The Anaie basin has been explored by Arctic voy^iers. An ejccollont 
map of it is given in McDlintock'a Narrative of the Expedition in search of 
Sir John Franklin. Silurian, oarboniferous, and raeaozoie roeks are found 
there. The Hudson's Bay basin is composed entirely of palieoioic rocks, eo 
far an any thing is known concerning it. The Continental basin embraces 
foaaliferous rocks of every ^e, from IJie Cambrian to the latest Calnoaoio. 

The form of the continent is that of a great triangular baan, as deacribea 
in Section V., Part I. The mountainous regions correspond very nearly ivith 
the areas oocxipied by the azoic rocks, except that along the Pacific coast they 
are mostly covered by cretaceous and tertiary strata — the latter constituting 
most of the summits of the Rocky Mountains. It corresponds also with the 
views already stated, to 6nd that the igneous roeks aro generally located near 
the oceans. 

The Rocky Mountains belong (0 the longest cli'dn of mountains upon tha 
globe, and, with one exception, the highest. Comraenelni; in the extreme 
southern part of South America, it extends through the whole length of that 
continental area, under llie name of Andes or Cordilleras. On the Isthmus 
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of Panama !f sinks into a eompsratiTely low ridge, but risca into the fcible 
lands of Guatemala, Mesico, and the ridges a,nd plateaux of the western 
United States and British America, quite to the Northern Otean. 

The whole of Uie interior of North America may he regarded aa a vast 
plateau, gradually passmg inlo the Appalaciiian ranges upon the east, and the 
elflvated table lands upon the west ; biitgraduatlydeacendingtothe Northern 
Ocean and the Itezican Gut^ from a water shed in the middle of the conti- 

AZOIC ROCKS. 

The azoic rocks are represented on the map by those areas which are cov- 
ered by small crosses. They embrace all the crystalline and unfossihferous 
rocks of every age, but eliiefly tbe hypozoic or Laurentian groups. Tliey 
are gneiss, mica schist, talcose scliist, quartz rock, clay slate, aaccharoid azoic 
limestone, gr^iite, syenite, and tiie ancient porphyries. 

Lanrenliaa System On the north shore of the St. Lawrence there are two 

ranges of mountains mnning parallel to the river; one at the distance of flf- 
leen or twenty miles, and the other 900 miles distant. Here are the Lau- 
rcutine Moimtaius, from whence the name was derived. The system esteuds 
from the shores of the Arctic Ocean, passing round the Hudson's Bay palta- 
ozoic rocks, including the Laurentines, and occupying the eastern shores 
of the coutjnenti to the north of the St Lawrence. Greenland, Grinnell 
Land, and other islands to the north, ore supposed to be of the same ago. 
The space Ihtis occupied has the form of the letter V. 

The other deposita of this age, east of the Rooky Mountam range, are mostly 
insulated. In the northern part of New York the Adirondacs belong to this 
system, and are hardly separated from the laurentinea north of the St. Ijiw- 
ronce. .Another isolated area of these azoic rocks is in Kortbem Michigan. 
In New York they are composed chit>flyof Iiabtadoriteandhypersthuno rock. 
Of the same age ara the Ozark Monntains in Missouri, the Washita Hills^ 
south of the Arkansas River, the Whitchita ilountains m Northern Tesas, 
and other eminences in Oeutral Texas. 

The azoic rooka of Rosaan America, which eitend unmtormptedly as far 
as Mexico, are supposed to bo Laurentian, although analogy would lead ua 
to suppose that many of them are of paliuozoic age. Tsro or three interrupted 
ranges, with a fijw isolated patches of these azoic roclta, are represented along 
this re^on, eitendiug into Mexico. The same rocka occupy the southern 
part of Mexico and most of the larger islands of the West Indies. 

The Laurontjan rocka contain lai^e masses of magnetic iron ore. Thoao 
in Missouri are among the largest on the globe. They are connected witli 
porphyry, and are separated from metalliferoua Umestonea by a deposit of 
granite with trap dykes, sis miles in width. Pilot Knob, which rises 500 
feet, ia partly, and flie Iron Mountdn, 300 feet high and two milea in drcum- 
ferenoe, is entirely composed of this ore. Vast deposita of iron ore exist 
also in the northern parts of New Ycfflc. Many valuable gema are found in 
these rocks. 

Azoic Jtocks e/kiler Age, — As yet, the only rooks of the age of the Cam- 
brian discovered in this country are the azoic rocka al)out Lake Huron. 
Tliese have already been described. Tlie latest researches render it probable 
that most, if not oil of the azoi.; rooks of New Gnglan J and tlie British Prov- 
inces, whi^h are couijaucd along the eastern coast of the continent to Ala- 
bama, are of pai:eozoic age. 

There are two methods employed to prove that the Appalachian azoic roclis 
are paheozoia 1. The northern extremity of the ranges gradually merge 
iiito the unaltered Silurian and devonian members. For example, a range 
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of raiea schist in Connecticut becomes caleiferous in Vermont, and jaat over 
the Vermont and Canada line, Favoaitea Gothlandiea, and other sdurian Am- 
eils, are found in it. 2. Crjstaltine schists l>otli overlie and are interstratiQed 
nilli fosailiierous deposits. For example, there is a bdt o( Upper Helderbei^ 
limestone underlying the talooae schist of western New England, in the north- 
em part of Vermont — and in aucli a way as precludes the idea of inveraon. 
It was this plienomenon of the interstrati&cation of the.^ two kinds of roclc 
tlint first unsettled the old ideas of geoli^ists in regard to azoic rocks. 

The Professors Rogers suppose that the eastern part of tho azoic rocks of 
the Appalachian range are hypozoiu, and that a part of the western border 

Kjcoraic Rods. — Along the western border of the aioie ranges just do- 
scribed, there ia a Buceea«ion of tliick d-'poats, partially metamorphosed, 
which Professor Emnians has grouped under tho name of Taoonic System. 
They consist of quartz rock, limestoues, doiomitoa, marbles, imperfect talcoae 
and micaceous schists, and clay slate. They may bo found along nearly all 
the Appalachian range, and, according to Professor ICmmons, rfSj upon its 
eastern Mde in Maine, Rboiie Island, and ITorth Carolina. 

Professor H. D. Rogers has described these nwks ia Pennsylvania as lower 
Silurbn. Tho quarts rock he calls Potsdam or Prima! Sandntone, the lime- 
sloiies the Auroral or Lower Silurian Xilmestones of New York; the schists 
and slates as the Hudson Eiver Group, or MatinaJ Shales. 

The authors of this book have bten examining tlieflo rocks as they are de- 
veloped in Vermaiit, and taka the following positions, the delidls of which 
are not yet published : 1. Somo o£ the slates in a few localities, pronounced 
Taoonio by Professor Emnions, beloDg tj tho Hudson lUver group of Hew 
York. 2. The remainder, including tho typical looalitiDS, are of tjpper Si- 
lurian and Deronian ago. 3. The slates and schists are -at least as high as 
Upper Sluriaii, overlying tho Oneida conglomerate. As they so much ro- 
aembla the Hudson River group, and are the rocks from which the name is 
derlred for the Lower Silurian member, the nama Upper Sadsan Jiiver Group 
may be assigned to tbem. i. Some of the lime^tonas contain fos^ls, appa- 
rently identical witli certain Devonian Ibrm^. HenC3 they are regarded as 
Devonian ; and as the place in that series ia yet uncertain, the name Borstt 
lAmeslons may be applied to the group, irom Dorset Mountaiu in Vermont, 
whore the whole sariea ia beautifully developed. 5. The quartz rock, being 
associated with the Dorset limestone, must be newer than Lower Silurian. 



During tho hypozolc period, and at its dose, tho strata were disturbed by 
fbroes of elevation, so that the more elevated parts assumed a V form, as in 
tlie northern partof the continent, and there were several islands in the south- 
ern part. The Cambrian period seems to have been one of generjl inac- 
tivity ; but strata were deposited nncoofbrmabiy upon tho (dder rocks about 
La^ie Huron. 

Lawir Sdarian. — The Huronian rooks were alao elevated before tho depo- 
sition of the Silurian, as is si^en at Lake Huron. The first positive evidences 
i>[ tlie introd action of life in North America ara found in the Potsdam sand- 
stone. In i^'ow York the Lower Silurian is divided mto the Potsdam sand- 
stone and calciferons sandrock, which form a separate group by their structural 
and pal.Boniologioal affinities, wiiich may be Ciilled the Polsdatn ffrmifi ; tha 
Chazy limestone, Birdseye limestone, Blaelc River limestone, and li^oton 
limeslono, or the frstUa:i Group ; tha Uiioa slato and Hudson River group, 
both of which may hi termed the Hulsoa Group. 
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Hieae niembera are distoibuted over most of the continont, ani may gener- 
aUy be recognized by tolerably coastaut litbolr^ical characters. The lime- 
Etonea in tba Westam States are often magooa^, insteaci of the simple car- 
bonate of lime. The Hudson lUver rocks are tlie most variable. Typically, 
tliey are sUtes, with a few strata of couglomerate and limestone, or dolomite. 
In Canada, besides the slates there are great accumulaticms of conglomerates 
aud sandstones, often ccmposed of pebbles of limesione, and called provin- 
cially the Qii,^iec Group. In Ohio and other Weatem States, the whole series 
is ohai^;od iiilo the blue or Oakna limeslone, 

AloDg tlie eastern coast north of Caps Cod, and as far as Kova Seotia, 
various alatea occasionally occur coolaining^ tlie Parailaxides ITariani, which 
is at tlie base of the wlurian systera in Kurope. These slates are supposed to 
b:^ of the same age as the Potsdam Bandstonc. 

Tlie Lower Silurian rocks are not distinguished upon tbe map, hut their 
general position is at the edges of the pakiomio rocks, contiguous to the old- 
est azMc rocks. Often, as in northern How York, they encircle an insulated 
portion of the older gronjra. 

Upper Biluriait, — The Lower Silurian periods wcro closed by a revolution 
or disRirbance of the elTata^ so that in noma localities, as at Oaspe, in the 
Gulf of St Lawcenoo, the Upper Siluriau strata rest unconformably upon Uie 
Lower Silurian. 

Tliera aro three periods in tliis system of rocks. Tho first embraces the 
Oneida conglomerate and Ihe Medina sandstone, formations quite variable in 
composition and thickness. The local name of SUlery saadstoaes liaa been 
applied to the Oneida conglomerate in Canada, where it utt^ns a thickness 
of 4,000 feet. As the range passes through Vermont, it becomes by turns 
silicious and calcareoua, ordolomitic, and is exceedingly variable in thickness. 
A mere knife-edge tliickness of limestone may suddenly expand into 100 feet 
within the distance of a mile. The range coatinues in this erratic way along 
11)8 whole All^hany range, and, in conjunction with the Medina sandstone, 
is (bund fl-oni western Kew York to Wisconsin, through Canada West. 

Winle a somewhat turbulent agenqy was depositing this curious rock witliht 
tlie coiidnent, at its border, near the month of the St. Lawrence there was 
a quiet accumulaljon of linieslones, undtr conditions suitable to the develop- 
ment of life. As the litliolo^cal characters are so distinct, tlie group, which 
consists of six divi^ons, embradng tlie equivalents of the upper part of the 
Hudson River group, the Oneida cor^lomerate, Medina sandstone, aud the 
Clinton group, has received a distmot name, the Antkosti Group. 

The first period embraces bemdes the conglomerates, and having the same 
general geographical distribution, Ihe Clinton and Kiagora groups, consisting 
of aUemate layers of Ernies and limestones. They are quite productive in 
interesting forms of life. 

Tliore is also a belt of ITu^ara limestone in Canada, runmng down to 
Mempliremagoj Lake, which seems to pass into caiciferous mica schist, an 
azoic rock lying east of the Green Mountmn range. 

Tlie second great period of these upper rocks embraoiss only the Onondaga 
salt group, a series of limestones and shales 1,00U feet ttiiok. Its develop- 
ment is less extensive tban tho preceding groups. 

The tliird great period is now called tho Lower Hetderberg graap, embracing 
the lolloping earlier divisions: Fentajuerus limestone, Delthyris ^laly limo- 
Btono, Encrinal limestone, and the Upper Ponend series. These rocks aro 
distributed in general conformity with the Niagara group west of Canada 
Ewt 

Mmeral D^osita. — There are some romarkablo mineral deposits in tho Si- 
lurian rooks. In the Northwestern States there ocours one of the most re- 
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tnarkaljle depoaita of lead in tlio wurlil, in llie Iludsoa River proap. It covers 
3,1)00 square miles, cliie3y in Wisconsin, but fbvtud also ia Iowa and lUinoIs. 
I'lie greatest amount of lead produced from it in any one year waa 315,700 

Copper ia abundMf: in tlio same vicinity ; but especially about Lake Si> 

jjerior, ia Potsdaoi asndstoae, Masses of iiati ' ' ' 

there wdxhing fifty tons and \ ow dera f or 
an urea of several thousand Rqua e miles. 

The salt sprioga of the Un ted *lta es issue invaiiaMy from the silurian 

Probably all the go'd n t o Un ted States, both along the eastern and 
iT-cstem slioro,!, is located n met mopph rooiis of Silurian or Defoaian Bgc. 
Ji long the Appalachian ani-^s v been found all the way from Canad;i 
J'ast to Alabama, being pa u a y a ndait in North Carolina. The Cali- 
rjruia deposits are the laos^ e:f ten^^vo m the v/orid. 



The formations of the Devonian system are ten in number hi Hew Tork 
wliich may be arranged, by structured reaembUnces, into five groups. 

The Oriakany Group embraces the OcMiaay sandstone and the Cocktail 
grit. The group extends from southern New Torlc Eoutliweaterly to Ten- 
nessee, and westerly about 300 miles. The upper part U characteriaed by a 
fiecBd reeembUng the tml of a cook, whence its name. 

The Upper HSderbeT^ group embraces the Sooharie grit and tho Upper 
Tfeiderbeix limestone, or, as at first divided, the ComifOTOua and. Onondaga 
limestones. The Umest<»uea of tliis group are widely developed through the 
Appalachian chain south of Hudson River, and westward, both in the United 
States and Canada, as £»r as llie palaiozoic rocks have been explored. It is 
also represented in the Dorset limestone of New England, a belt of luno- 
etone in Northern Vermont e^t of the Green Mountains, and probably at 
Eomardaton, in the northern part of Maasaohusetta, upon Connecticut River, 
It is the lowest rook hi North America which contains ichthyoiites. 

The three remaining groups are mostly sandstones and sh^es. The Bant- 
sJtou divisuin embraces the Maroellus shales, Hamilton group, and Genessea 
Elate. This divi^n is beat developed in the Appalachian chain in Pennsyl- 
vania and Virginia, thinning out gradually between Ihe Hudson and Mis- 
^ssippi Rivera, The Hamilton group in Iowa is mostly calcareous, contain- 
iug many interesting tbaails. 

The fourth group embraces tho Chemung and Porti^e rocks of New York. 
From New York they extend southwesterly to Tennessee. In Ohio they 
have received the proving name of Waverly sandstone. Parthon west and 
north their equivalents have not been asoerliuned. 

The fifth group is the CatskUl red sandstone, Ktiiologically the old red sand- 
sfcme of Europe. Thia ia prindpally developed iu New York and PennsjI- 
vania, so far as its equivalency has been determined. 

Devonian rocks arc found in Eastern Massachusetts, Mjune, Canada East, 
and in the more northern parts of the continent, but then' ctiuivalency witli 
the depo^la already speoiSed has not been determined. 

From the study of the Silurian and Devonian systems the foilowuig eon- 
duaiona have been reached : 1. Until wa reach the Genesee ilato, all the 
orgaiic remains found iu these two great systems are marine. Here the first 
land plants are found. "Shs formaiiona appear to have been deposited euo- 
eosavely nefir tlio shore of the palreoiolo ocean, for beadts the fossils ripple 
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marks and slirinkago cracks occur, even in some of the limestones. 2. Tha 
rooks are thickest near the borders of the cootiDenia. Thia is ceriaia re- 
Bpectingthe eastern »de, aniy prububk reE^pectii^ the western. 3. Tha roclis 
of tho ea,st coast are mostly siliuioos — shaJes, sandstones, or their altered 
forms; those of the interior are moaUy oalcarooias, i. The outline of the 
fjture continpnt is strongly marked at the cloaa of the Dovoniin periods. 
Tho Appalachian, and perhaps the Rocky Mountain ranges, form long sand 
reefs, hemmins in more or less porfecUy an interior s?a, ooveriug the area 
now occupied by the Miasinsippi and its brandies. At the same titae the two 
other smaller nortbcm baaina receiTod their outline. 



CARB01III"SROUS SYSTEM. 

The best das^catioa of the Carboniferous system is that adopted by tho 
Professors Eogera. They divide into ttie Vespertine, Umbral, and Serul so- 
ric^s, or tho Lower Carboniferous, Middle Cu'boniferous, and Coal Measures. 
The lowest divi^n consists of sandstones and conglomerates, with dark- 
colored slates 8ometi3iea containing beds of oo:il. This division is most 
cbundantly developed upon the eastern ^de of the AppaLichiau basin, 
sometimes bciog entirety wantin;;; elsewhere. In Ohio it constitutes the up- 
per portion cf the "WaTorly sandstone and ia Tennessee it is » buhrstone and 
limeslODe. 

The Middle Cirboniferous strnta are quits variable in composition. In 
Nova Scotia, etc, they ara rod shulof^ Kandatones, and various marls. In 
Pennsylvania they are red sbale^ aBSocialed larthar south witli a bed of lime- 
Stone, which continues to increase in thickness southward. These strata ara 
nearly cU limestone in tho 'Western States, where tliey are thicker than in tho 
eastern cool fields. 

In the true Coal Measures the rocks are sandstones, conglomerates, shales, 
limestones, and beds of coaL Some have traced resemblancus between some 
of the conglomerates and the mUlstono grit of England. Dpon the map the 
area coverei by this division is represented as perfectly black. Coal fields 
f.re represented in the islands of the Arctic Ocean, in Newfoundland, New 
trunswick, Nova Scotia, Now En^tiand, tho Appalaohiin Basin, in Miehigan, 
Illinois, Iowa, Missonri, and Texas. The amount of co^ is almost inex- 
ha'jstible. 

la Iowa the Carboniferona sj-stom is divided as follows : Burlington lime- 
atone, Keokuk limestone, St. Louis limestone, Kakaj^ia limestone, and Coal 
lloas'.ircs. These members ara remarkably proUlic with beautiful remains 
of radiate animals. 

Permiaa Sstiei. — Until recently the existence of Permian strata in the 
Umted States was unknown. Prolessor Kmmons first announced tliat the 
fossils of tlie red Bandstones of North Carolina corresponded with known 
Pormian types. These fossils were plants and Thecodont saurians. If this 
portion can be settled, then at least the lower part of tlie Mesozoic con- 
glomerates east of tlie Appalacliian range are Permian. 

Some geologists doubt the correctness of this view. But every onoadmits 
the discoveries of Messrs. Hawn, Swallow, Meek, andHayden in Kansas, etc, 
to bo genuine. These gentlemen have established the Permian ciiaracler of 
many deposit in Kansas, Nebraska, and Illinois, which were at first con- 
founded with the Coal Mea-sures. There is an excellent development of 
those rocks at Leavenworth, in Kansas. Tliey are 601 f et thick, and have 
been divided into Upper and Lower Permian. About 100 species of foseila 
l::iva bsua oollected and deicribsd trom thesa strata. 
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Subsequently t(i the depo^tion of tlie Coat MoBsnres, and previously to the 
production of the Appalachian Mesoioic strata, ttie numerous plications in 
the Appalachian ranges were prodaced. The time oT plitalJoa is known by 
the &ct that there are foldii in the Upper narbouifeTous strata aud none in 
Hie lal«r rocks. Trunks of carboniferous trees, originally upriglit, are inelined 
at various augli's, according to tbe ainoant of diBlocatloii. 

Inasmudi as fissures would be produced during those dlst^irbances, through 
which heat would OK^pe from the interior and penetrate ttirongh all portions 
of the strata, perhaps in connection with water and other essential agenla ot 
alteration, wo may suppose that the azoic rocks along the Atlantic coast 
were metamorphosed during the time of those disturb^tnccs, or the Permian 
period. In the absence of any evidence, wo may conjecturo that a lai^ part 
of tlie aa<HC strata forming tiie ijasia of the Rocky Jlonntain ranges were meta- 
morphosed during the same period. But thoro is evidence to show that 
rocks axe undergoing rapid alteration oa the FaciQc coast still later, even 
during the Alluvial period, as the action of heat is very great there at tho 
present dav. The metamorphism of thosa [ralieozoio rocks along tho coasts 
must not be conlbunded with tho nlteratjon of the Laurentian series, for tho 
litter were elevated and metamorphosad previous to tho deposition of tho 
Potsdam sandstone. 

At the ciosB of the Pakeozoic periods the form of tho contioent resembled 
its present shape, but the amount of Lind above tho ocean covered only 
about two thirds of its present eurfaoe. Yet the general continental fea- 
tures, tho mormtains and plaius, were tlie same as new. 



The older Mesozoio rooks are included upon tho map with t'.io Crotaceoui 
Rroups, which are the most ahnindaot, the former occupying comparatively 
little space. In the eastern British Provinces, New Brunswick and Nova 
Scotia, we first find the red sandstone^ conglomerates, and shales of Mesozolc 
age. They are next admirably developed in the valley of Connecticut River 
in HasaachuseCls and Connecticut; where the most remarkable fossils, the 
io'miles, have been discovered. The dip of the rocks in this terrain is almost 
JDvariably to the oast. 

Id going south of Hudson IWver the same rocks are found in several 
b.-.ans, all dipping to the west The series appeM^ first in hew Jersey 
where it forms a wide belt southeast of tive Highlands. Thence it passes 
through Pennsylvania, from Bucks to York counties; thence mlo Fred 
erick county, in Maryland; Ihenoo into Vu^niii, Throughout tlio whole 
extent of this deport, from Nova Scotia to Virginia, ores of copper bitumm 
ous shalea and Umestones, and protruding masses of greenstone are asso- 
ciated with it. la Virginia tiie deposit appears to be eminently calcareous 
and one of its lowest beds is tho well-known brecdated Potomac marlle In 
North Carolina Uiere is another baun, somewhat irr^ular in its shape}, 150 
miles long, from Tar Itiver to Wateree River. Here tiie strata also dip west 
Tills is the baun examined by Professor Emmons. 

Several eharaotsristic fossils of tho Liaj wore found by Captain McClintook 
in the Arctic basin. The extent of tlie strata contauimg them was not as- 
certained, and hence Ihey are not represented upon our map. 

There has been, and still is a great variety of opinions expressed in regard 
to the ^e of these sandstones, it being generally aa^uined, perhaps incorrectly, 
that all the terrains axe precisely contemporaneous. The older geologists 
(Uaclurc, Eaboa, Silliman, and Clovi'land) regarded those in tho GoBnccticut 
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Tallcy aa old red saudatone. In 1833 the senior author of this wort, in hia 
Report on liia Geol<^y of Massachustta, presented ai^uments to bIiow that 
tlie upper beds were the equivalenla of the new red Bandstone ; and that 
opinion was generally adopted in litis country and in Europe after tlicy liud 
been examined by Sir Charles LyelL 

Profesaor W. B. Rogers 8ubsM[UBntly maiatained tliat tho eandstono con- 
taining beda of workable coal near Btchmond, VirgiuiLi, an i&olated dcposii^ 
was of the ago of the European Oolite. The fossils relied on to prove this aro 
species of plants, viz., Zamites, Calamites, Equiaeta, T.eniopleria, Peeopteris 
Whitbyenais, Poaidonia — a apeciea of mollusc — and eeveral Fishwi, as a Tetn;- 
gonolepia. B. Hitchcock, Jr., haa diaoovered a treo fern near tho middle of 
the series in Massat^uaetts, ths Gla!hr(^lfris rcdiiisaifus, some spceimens of 
which can with diflSeulty be disljnguisiied from tho European apccies C. meu- 
iscoidea — a characterialio fosal of tho beds of passage between tho Triaa and 
Lias. Hence he argfuea tha,t the ichniferous or upper beda of Iha eerios aro 
Jurassic or Oolitic Professor Emmons haa discovered, iu Forth Carolina, 
Epecits of planla and Thecodont Sauiians, which, wilh several European au- 
thorities, ho rejrarda aa distinctly Permian. I^fossor Agasaiz oonsidera tho, 
ichthjolites of New England and Kew Jersey, occurrinx in those rocks in 
connection with the iehnites, as corrcspondin;^ ijeat, by their structure, ndth 
European apedmons from the Dpi>ef Trias. The Messrs. EodBald find somo 
traces of Oolitic structure among the fishes. The heteroclitic forma of tlio 
Lithichnozoa correspond best with tho bizarro fonna of the Oolite. 

Prom these discoveries and opinions we regard one point aa settled, and a 
second sa rendered probable, 1. A. belt of rock, occupying the mid^ por- 
tiona of the Connecticut River sandatone, below which no tracka are found, 
is of Upper Triasac age. The ichniferous strata above are either Liassic or 
Oolitia 2. Probably the whole series of rooka, from the Perrainn lo tho 
Oolite incluaire, are represented in these strata. The strata are at l.^ost 6,000 
feet thick in MasaachusetCs. and this is adoquat« to embrace tbe whole, so far 
as they have been measured in other couotriea. 

lo connection with paleozoic and cretaceous rocks in Kansas and Ne- 
braska certain rocks have been described, which, upon care^il examination, 
may prove to be Triassio or Jurassic 

These different baaus of older Meaoioic rook were probably formed in es- 
tuaries: or, as the Professors Rogers maintain, in some of the ba^ns there 
may have been lai^e rivora, depoiuting the materials in their bods, without any 
marine deposits. The physical features of the ooatineut were being perfoctal 
while these depo-^it? wore forming. The lower layora have a higlier incUua- 
tion tliim the upper, nmouuting to absolute unconlbrmability in somo parts of 
the basin alon^ (lie Conneelicut Eivor v.illey. If tlie lower bo Permian or 
Paleozoic, and the upper Triassio or Oolitic, wo should expect such a dilTer- 
onco of dip. 

crutaceocts sYSTcsi. 

The Tarieties of rocks composing this system, and Iho comparison of tlio 
different members in .the different parts of the continent, aro treated of i.i 
Section IIL of Part L 

Tho Cretaceous system occupies more icn'itory, perhaps, than any other 
syatom in Nortli Amerioi It probably commences as far east as Nantucket 
and Martha's Vineyard, and extends continuously from New Jersey alon,^ 
the Atlantic coast to Mexico, and then covers nearly one third of the width 
of the continent, from naar the Half of Mexico to British America, witii oc- 
cadoaal interruptions of older or newer strata. Along the Atlantic seaboard 
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It 13 not represonfed apon. the map, beoauae the greater part is corerad by 
t rtiaiy deposits, bnt may ha oocaBionally obaerved in deep escaTationj. 
Tilers 13 some uncertainty reBpeotJng the lioi1.hwBalera limit of this system, 
but it i^n5 doubt of as much extent aa 13 indicated upon tbe map. Other 
Cretac ous beds are marked upon the map in Yucatan, Mexico, and the north 
part of Soutli America, Dr. J. S. Kewbury, United States GeologiBt^ who 
has juat returned (18G0) from es:piorin^ the San Juan and Upper Colorado 
Rivers, in Utah and New Mexico, found tlie CrntacBoua system there 4.000 
feet thick, and " occupying an immense area west of the main divide of the 
Rocky Mountains." 

About 100 spedes of shells have been discovered in this system, of which 
twenty-live per cent, are identical with European forma. Sevpral interesting 
fnrma of i-erlebrate tifu hare been discovered, as the Badrosaarm in New Jer- 
6oy — an animal rasembhcg tbe Iguanodon of Ei^land. 

The ares occupied by the Mesozoio upon the tnap, phows what were the 
outlines of North America in the Cretaceous period. The Atlantic enast was 
at (he western margin of this group, and the Gulf of Mexico eilend'ed even 
into British America, ooTOring the cretaceous rooks. A part of the Eocky 
Mountaina was also beneath the water, aa some of their eummila contain 
marine shells of Cretaceous a-M. Tot the interior ocean may have been 
shallow, and thus the contineutui area have been substantially the same ss 
at present 

GjTisum is (bund in small quantities in MesoKoio rocks in North Americti. 
Bnt iho moat estensive daposit is probably of Cretaceous age. Captain 
Marcy, in eiploring the sources of the Red River in 1S52, traced out a thick 
deposit of this substance extending from Iho Canadian River, in 99° W. lon- 
gitude, nearly to tbe Hio Grande, at least 350 milea long, and fh>m SO to 100 
mileg broad, 

TERTtAHT SfBTBM. 

The surface represented as Camosoie upon the map is mostly underlaid by 
the Tertiary system. Thoro are three.great deposits, i. Along the Atlantic 
coast, outdde of or coverii^ the cretaceous rocks, from Boston to Southern 
Mexico, inciudi!^ the whole of Florida and lai^ parts of Louisiana and 
MississippL 3. Along the FaclQa coast, from Lower California to Russian 
America. 3. Occupying the great table lands of the Bot*y Mountains, cov- 
ering more square miles than Uia Cretaceous syalem, though not ai wide, 
though we suspect, since Dr. Newbury's researches, that here is some mis- 
take. Other doposits of small extent are found along the Alleghany ranges, 
upon tlio shores of tlio Arctic Ocean, in Yucatan, and in South America. 
There are also eororid detached tertiary tracts upon the great interior creta- 
ceous deposit which are not represented upon the map. 

The lateat rescarcheasbow that the European divisions of Focene, Miocene, 
and Plioceue, can be traced upon this continent The deposits along the 
Atlantic seaboard (including the Mexican Gulf ) bavo received local names. 
The Olairbomegro'i^ corresponds to the older Eooene, haying the following 
characteriatic fossil; Cardita planicosla, C. Blandingii, Crassitella alta and 
Ostrea sellieformis. The VicMii/rg group corresponds to the newer Eocene, 
containing the following characteristic jbsalls : Deutalium thaloides, Sigaretna 
arctAtus, and Terebra costata. The Yorktojxa grojip embraces both the Mio- 
cene and Pliocene. 

The Eocene strata aro in too many localities to be here spedGed. Ths 
great Zeuglodon cetoidea is found in them in the Southern States. 

A most estraori^nary Miocene deposit has been brought to light la one 
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of the insulated basina in Nebraska, It is in tlie Maavaises Terres, or Bad 
Lands, on White Eiver. There 13 a basin BOO feet Lolow the general level, 
in which there are tliousanda of abrupt, irregular, prismatio, and columnar 
miiBjea, frequently capped with irregular pyramids, and stretching up to a 
height of from 100 to 200 feet, or more. So thickly are these natural towera 
studded over the surfece of this extraordinary region, that the traveler threads 
his way through deep, confined, labyrinthine passages, not unlike the narrow, 
irregular streets and lanes of some qu^ut old town of the European continent; 

But the most interesting ^Is there brought to light are the bones of cn- 
merous e:ctiuct quadrupeds, some of tbem of enormous size, and diffei^ng 
from all (basil animala hitherto described, though of the same iamiliea. Spe- 
cies of rhinoueroa and tiger, lai^ tortoises, a pala)otheriam eighteen feet long 
and nine feet high, the archteotherium, the oreodon, machairedus, el«., are 
desciibed by Dr. Leidy ; and doubtless many mora wiO soon be brought to 
liglit from this singular fresh-water depositj where some of tlie same genera 
of aniinslB ocour as in the Paris badn. 

J/.ocene. — The other Miocene deposila of the continent, as at present known, 
are conJiaed to the two oceanic tertiary belts — upon the Atlantic and PaciQu 
coasts. The strata consist largely of sandstones, conglomerates, and shales, 
with scarcely any limestone. 

Too little is known respecUt^ the immenae area of tertiary lespo^ils in the 
Becky Mount^n district to pronounce with oertamtv thtir a^e The pre- 
sumption is in favor of the older tert ary 

Fiioceae. — Tlie Pliocene strata have not jtt been much studied in this 
country, except at certain locahtiea. In diatribut on they correspond to the 
Miocene ; viz., along the coasts 

But tliere are, along the Appalachian cham, occasional beds of cljy and 
iron ores witli which no fossils ire associated In 1152 however the senior 
author of this book explored a oed of hgnite assoc ated with these beds of 
iron, in Brandon, Vermont, and found in them a large number of fruits (fig- 
ured in Parti IL) which are evidently of tl e age ol the Pbocene From these 
data WB have supposed all the deposits m simdar positions tl rougliout the 
range to belong to the Pliocene, although no hgmte has been d seovorod in 
connection with them. 
, AUaviaim. — The drift and alluvial dopoiuts of North Amuica hai e been so 
largely treated in Section IV. of Part I, that w e imply refer to thi,m in this 
conueedon, with no additional remarks. 

lONEOITB KOCKS. 

That part of the map which ia coverad with small doti represent) t!ie dis- 
tribution of the more recent igneous rocks, the traps and basalts. They are 
most abuodauily developed along the PaciQc coasb The largest area occu- 
pied by them ia along tlio Columbia River in Ch'egon and 'Wa^ington Terri- 
tory. There are multitiidea of smaller depo^la along the BocIq' Mountain 
ranges in Mexico and the Territorioa, which are not shown, three or four 
dotted areas standing as representatives of a large number. L'arther north a 
similar aeries of tr^pean rooks is represented as a continuous belt. Igneous 
rocks are abundant, also, aiiout the Arctic Ocean, especially in GroenJand. 

Trappeaii dykes are aboudant along the Appalachian ranges and about 
Lake Superior; but they do not overflow tbesurlace like thoso just described, 
and occupy loo little space to be indicated upon tiie map. The granitic and 
tbe oldest igneous rocks are included under azoic rocks. 

Note. — Captain J. II. Simpson, who in ] 853 and '50 exp^sr-- 1 !';.■ Great 
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Basin Ijing between the WahBalcb and Sierra Nevada Mounbuns, " never 
before traversed by a white man," haa juat publiahed (April, 1860) a liotj 
from Messrs. F. R Meek and H, Englemann, reapeotiog tho new geological 
discoveries made by them in those terriB incagnilts. Id west longitude 116', 
they found, near the Humboldt Mountains, extensive deposits of Hevonian 
rooks, 1,200 milca farther west than ever before known. Nearly as lar west 
they found estenaive Carboniferous formations, though not much eoaL In 
several placea east of hska Utah they found Triassic red sandstone, with nu- 
merous beds of gypsum and rock salt, as ui Europe ; which, according to 
Marcou, Blake, and Newbury, ia developed on a grand scale in New Meiico. 
Jurasiic rocks occur, also, near the same place in Utah ; also on "Weber Siver 
Cretaceous strata ; atao both Eocene and Miocene tertiary near Fort Bridger 
and elsewhere ; all of which, like the tertiary of Nebraska and elsewhere at 
the West, seem to have been depoaited in btackiah waters. What an inter- 
esUng field for American geologists opens in these vast western legions 1 
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